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Description 
FLOWMETER 

Cross Reference to Related Applications 

[0001] This application is a divisional of U.S. Patent Application 
Serial No. 10/019,418, entitled "Ultrasonic Flowmeter 
Having Sequentially Changed Driving Method", filed on 
December 21, 2001, and had its 35 U.S.C. 371 require- 
ments met on March 29, 2002, and which claims priority 
to PCT/JP00/04165, filed on June 23, 2000, as well as 
claims priority to Japanese Application Nos. 11-177952, 
filed June 24, 1999; 11-182995, filed June 29, 1999; and 
2000-34677, filed February 14, 2000, all of which are in- 
corporated herein by reference. All of these applications 
were also based on Japanese Application Nos. 11-106246, 
filed April 14, 1999; 11-54082, filed March 2, 1999; 
11-106247, filed April 14, 1999; and 11-12823, filed 
January 21, 1999, all of which are incorporated herein by 

reference. 
Field of Invention 



[0002] The present invention relates to a flowmeter for measur- 
ing the flow rate of liquid or air. The present invention re- 
lates to means for measuring a flow rate value in an accu- 
rate manner even when there is a variation in pressure or 

temperature. 
Background of Invention 

[0003] Conventionally, such a type of flowmeter is known, for 

example, in Japanese Laid-Open Publication No. 9-15006. 
As shown in Figure 64, the flowmeter includes: a sampling 
program 2 for reading a measurement value, at an interval 
having a predetermined first sampling time, from an ana- 
log flow sensor 1 that measures the flow rate of gas; a 
consumed gas amount calculation program 3 for calculat- 
ing the flow rate of consumed gas at a predetermined 
time; a mean value calculation program 4 for calculating 
the mean value of measurement values, which are read 
from the analog flow sensor at the first sampling time, at 
an interval of a second sampling time within a predeter- 
mined time period; a pressure variation frequency estima- 
tion program 5 for estimating the frequency of a pressure 
variation based on an output of the flow sensor; and a 
RAM 6 which functions as a memory. Herein, reference 
numeral 7a denotes a CPU for executing the programs, 



and reference numeral 7b denotes a ROM for storing the 
programs. In such a structure, a measurement process is 
performed such that the predetermined measurement 
time is equal to or longer than a single cycle of the vibra- 
tion frequency of a pump or is a multiple of the cycle. Av- 
eraging is performed to suppress variation in the flow 
rate. 

[0004] a s another conventional example, the invention disclosed 
in Japanese Laid- Open Publication No. 10-197303 is 
known. As shown in Figure 65, the flowmeter includes: 
flow rate detection means 8 for detecting the flow rate; 
frequency detection means 9 for detecting the frequency 
of a variation of a flow; and measurement time set means 
10 for setting the measurement time for flow rate detec- 
tion to about a multiple of one cycle of the variation fre- 
quency. Herein, reference numeral 11 denotes flow rate 
calculation means; 12 denotes measurement start means; 
13 denotes signal processing means; and 14 denotes a 
flow rate. With this structure, the flow rate is measured in 
accordance with the frequency of a variation waveform, 
whereby a correct flow rate measurement is achieved 
within a short time period. 

[0005] As still another conventional example, the invention dis- 



closed in Japanese Laid-Open Publication No. 11-44563 is 
known. As shown in Figure 66, the flowmeter includes: 
flow rate detection means 15 for detecting the flow rate; 
variation detection means 16 for detecting a variation 
waveform of the flow rate of fluid; pulse measurement 
means 17 for starting the measurement of the flow rate 
detection means when an alternating component of the 
variation waveform is in the vicinity of zero; and flow rate 
calculation means 18 for processing a signal from the flow 
rate detection means. Herein, reference numeral 19 de- 
notes a signal processing circuit; 20 denotes a time mea- 
surement circuit; 21 denotes a trigger circuit; 22 denotes 
a transmission circuit; 23 denotes a comparison circuit; 
24 denotes an amplification circuit; 25 denotes a switch; 
26 denotes a measurement start signal circuit; and 27 de- 
notes start-up means; 28 denotes a flow path. In this 
structure, the flow rate near the average of the variation 
waveforms is measured, whereby a correct flow rate mea- 
surement is achieved within a short time period. 
[0006] As yet another conventional example, the invention dis- 
closed in Japanese Laid-Open Publication No. 8-271313 is 
known. As shown in Figure 67, whether or not a flow rate 
value has been detected in flow sensor measurement (29) 



is confirmed (30). Until a flow rate is confirmed to have 
been detected, the process does not proceed, and the 
measurement with the flow sensor is continued. Once a 
flow rate is found, it is determined whether or not the flow 
rate Q is equal to or higher than a predetermined value 
(31). When the flow rate Q is equal to or higher than the 
predetermined value, it is further determined whether or 
not the pressure variation surpasses a predetermined- 
value Cf (32). When the pressure variation does not sur- 
pass a predetermined value Cf, measurement 34 is per- 
formed with a piezoelectric film sensor of a fluidic 
flowmeter. When the pressure variation surpasses a pre- 
determined value Cf, it is confirmed if the pressure varia- 
tion surpasses a second predetermined value (33). When 
the pressure variation surpasses the second predeter- 
mined value, the measurement (34) is performed with the 
piezoelectric film sensor of the fluidic flowmeter. When 
the pressure variation does not surpass the second prede- 
termined value, the measurement (29) is performed with 
the flow sensor. 
[0007] As shown in Figure 68, ultrasonic wave transducers 51 
and 52 are provided in a flow rate measurement section 
50 so as to oppose the direction of a flow. A control sec- 



tion 53 starts a timer 54, and simultaneously, outputs a 
transmission signal to a driver circuit 55. An ultrasonic 
wave is transmitted from the ultrasonic wave transducer 
51 which received an output of the driver circuit 55. The 
ultrasonic wave is received by the ultrasonic wave trans- 
ducer 52. A reception detection circuit 56 which received 
an output of the ultrasonic wave transducer 52 detects the 
ultrasonic wave and stops the timer 54. By such an opera- 
tion, a time (tl) spent from a time when an ultrasonic 
wave is transmitted from the ultrasonic wave transducer 
51 to a time when the wave is detected by the ultrasonic 
wave transducer 52 is measured. Next, a switching circuit 
58 is operated based on a signal from the control section 
53, such that the driver circuit 55 and the ultrasonic wave 
transducer 52 are connected, and the reception detection 
circuit 56 and the ultrasonic wave transducer 51 are con- 
nected. Under this state, transmission and reception of an 
ultrasonic wave is performed again to measure a time (t2) 
spent from a time when an ultrasonic wave is transmitted 
from the ultrasonic wave transducer 52 to a time when the 
wave is detected by the ultrasonic wave transducer 51. 
Based on the two propagation times (tl) and (t2), a calcu- 
lation section 57 calculates the flow rate from a difference 



between inverse numbers of the propagation times. 

[0008] As a conventional example of this type of flowmeter, the 
invention disclosed in Japanese Laid-Open Publication No. 
6-269528 is known. 

[0009] However, in the first of the above conventional inventions, 
the gas flow rate is measured by using a mean value. 
Therefore, measurement over a long time period is neces- 
sary in order to obtain a reliable mean value, and hence 
such flow rate measurement cannot be performed within a 
very short space of time. In the second of the above con- 
ventional inventions, measurement cannot deal with a 
variation in frequency. In the third and fourth conven- 
tional inventions, the method for measuring the flow rate 
must be changed according to the presence/absence of a 
pressure variation, and it is necessary to provide two 
means, pressure measurement means and flow rate mea- 
surement means. In the first to forth inventions, when any 
abnormality occurs, measurement either cannot be per- 
formed, or can be performed but with decreased accuracy. 

[0010] still further, in the above conventional structures, when 

receiving a signal, if noise which is in synchronization with 
the measurement frequency or transmission frequency of 
an ultrasonic wave is present, the noise is superposed on 



the signal always at the same phase when the propagation 
time is the same. The noise is counted as a measurement 
error, and accordingly, correct measurement cannot be 
performed. Moreover, when the propagation time is varied 
due to a variation in temperature or the like, the phase at 
which noise is superposed is varied, and accordingly, a 
measurement error is varied. As a result, a correction 
value cannot be stabilized. Furthermore, since the mea- 
surement resolution is determined based on the resolu- 
tion of the timer 54, simply averaging the measurement 
values cannot increase the accuracy of measurement. 
Thus, it is necessary to increase the resolution of the 
timer 54 in order to perform measurement which requires 
the resolution. When the operation clock of the timer 54 is 
increased so as to have a high frequency, various prob- 
lems occur, i.e., an increase in current consumption, an 
increase in high-frequency noise, and an increase in size 
of circuitry. Thus, there exists an objective to increase the 
resolution of measurement with a timer which operates at 
a low frequency in order to increase the measurement ac- 
curacy. 

1 ] In the fifth conventional invention, a delay means is in- 
serted between a control section and a drive circuit, and 



the amount of delay is changed such that a reflected wave 
is avoided. In this way, an effect by the reflected wave is 
reduced. For example, the ultrasonic wave transducer at a 
receiving side is vibrated due to noise generated when the 
ultrasonic wave is transmitted. Thus, a variation in the 
signal-reception detecting time, which is caused by su- 
perposition of reverberation of this vibration on the ultra- 
sonic wave signal, cannot be decreased. 
[0012] The present invention seeks to solve the above problems. 
A first objective of the present invention is to set an opti- 
mum number of times that the measurement is repeated 
according to a variation of a flow by detecting a variation 
frequency using software but without using additional 
variation detecting device, and successively changing the 
number of repetition times. Further, it is sought to 
achieve a measurement flow rate in a reliable and accurate 
manner within a very short space of time even when there 
is a change in pressure variation and variation frequency. 
A second objective of the present invention is to instanta- 
neously perform highly accurate flow-rate measurements 
by switching so as to detect a variation with transmission/re- 
ception means without using an additional variation de- 
tecting device and performing measurement processing in 



synchronization with a variation. A third objective of the 
present invention is to perform highly accurate flow-rate 
measurement, even when any abnormality occurs in the 
measurement process, by quickly detecting the abnormal- 
ity with measurement monitoring means and appropri- 
ately processing the measurement. A fourth objective of 
the present invention is to perform flow-rate measure- 
ment in a reliable and accurate manner within a very short 
space of time by using instantaneous flow rate measure- 
ment means and digital filter means. A fifth objective of 
the present invention is to measure a flow rate value with 
a high accuracy even when there is a variation in tempera- 
ture. 

Summary of Invention 

[0013] | n order to solve the above problems, a flowmeter of the 
present invention includes: transmission/reception means 
provided in a flow path for performing transmission/recep- 
tion using a state change of fluid; repetition means for re- 
peating the transmission/reception; time measurement 
means for measuring a time or propagation repeated by 
the repetition means; flow rate detection means for de- 
tecting a flow rate based on a value of the time measure- 
ment means; and number-of-times change means for 



changing to a predetermined number of repetition times. 
The number of repetition times is changed to a number 
suitable for a variation such that an influence of a varia- 
tion of a flow can be suppressed. As a result, reliable flow 
rate measurement with a high accuracy can be achieved. 
[0014] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Thus, by using the sonic wave 
transmission/reception means, propagation of a sonic 
wave can be performed even when a state change occurs 
in the fluid. Moreover, by changing the number of repeti- 
tion times to a number suitable for the variation, reliable 
flow rate measurement with a high accuracy can be 
achieved. 

[0015] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Thus, by using the heat transmission/reception 
means, propagation of heat can be performed even when 
a state change occurs in the fluid. Moreover, by changing 
the number of repetition times to a number suitable for 
the variation, reliable flow rate measurement with a high 
accuracy can be achieved. 

[0016] The flowmeter includes: elapsed time detection means for 



detecting halfway information for a propagation time 
which is repeatedly measured by the repetition means; 
frequency detection means for detecting a frequency of a 
flow rate variation from information of the elapsed time 
detection means; and number-of-times change means for 
setting a measurement time so as to be substantially a 
multiple of the frequency detected by the frequency de- 
tection means. Thus, it is not necessary to provide specific 
detection means. Before flow rate detection is performed, 
the frequency of a variation is detected from halfway in- 
formation of the time measurement means, and the mea- 
surement time can be set so as to be a multiple of a cycle 
of the frequency. As a result, reliable flow rate measure- 
ment with a high accuracy can be achieved. 
[0017] The flowmeter includes: data holding means for holding at 
least one or more propagation time of repeatedly-per- 
formed transmission/reception which is obtained by the 
elapsed time detection means; and frequency detection 
means for detecting a frequency by comparing the data 
held by the data holding means and measured propaga- 
tion time data. Time measurement information at each 
moment is held and compared by the data holding means, 
whereby the frequency can be detected. 



[0018] The number-of-times change means is operated in pre- 
determined processing. Since the number-of-times 
change means is operated only when predetermined pro- 
cessing is performed, the processing in the number- 
of-times change means can be limited to the required 
minimum. Thus, the amount of consumed power can be 
considerably reduced. 

[0019] The number-of-times change means is operated at each 
predetermined flow rate measurement. Thus, the number 
of repetition times is changed at every predetermined flow 
rate measurement, whereby the flow rate can be mea- 
sured with a high accuracy in a stable manner even in a 
flow that varies greatly. 

[0020] The number-of-times change means is performed before 
flow rate measurement processing. Since the number of 
repetition times is set to a predetermined number of 
times before flow rate measurement is performed, the 
flow rate measurement can be performed with a high ac- 
curacy in a reliable manner. 

[0021] Predetermined processing includes operations of abnor- 
mality determination means for determining abnormality 
in flow rate from the measured flow rate; and flow rate 
management means for managing a use state for a flow 



rate from a measured flow rate. Since the number of repe- 
tition times is changed only when the abnormality deter- 
mination processing and the flow rate management pro- 
cessing are performed, the processing of changing the 
number of repetition times is limited to the required mini- 
mum. Thus, the amount of consumed power can be de- 
creased. 

[0022] The number of repetition times which is adjusted the fre- 
quency obtained by the frequency detection means is 
used in next flow rate measurement. Since the number of 
repetition times is used in the next measurement, it is not 
necessary to perform repetitious measurement for fre- 
quency detection. Thus, the amount of consumed power 
can be decreased. 

[0023] The number-of-times change means is operated when the 
measured flow rate is lower than a predetermined flow 
rate. Since the number of repetition times is changed only 
when the flow rate is equal to or lower than a predeter- 
mined flow rate, but this processing is not performed 
when the flow rate is high, the amount of consumed 
power can be decreased. 

[0024] a flowmeter of the present invention includes: transmis- 
sion/reception means provided in a flow path for per- 



forming transmission/reception using a state change of 
fluid; time measurement means for measuring a propaga- 
tion time transmitted/received by the transmission/recep- 
tion means; flow rate detection means for detecting a flow 
rate based on a value of the time measurement means; 
variation detection means for measuring a variation in the 
flow path by the transmission/reception means; and mea- 
surement control means for starting measurement in syn- 
chronization with a timing of a variation of the variation 
detection means. Since a variation in the flow path is 
measured by transmission/reception means, it is not nec- 
essary to provide another sensor for detecting a variation. 
Thus, the size of the flowmeter can be decreased, and the 
structure of the flow path can be simplified. In addition, 
the flow rate can be measured with a high accuracy in a 
reliable manner within a short space of time even when a 
variation occurs. 
[0025] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Thus, a state change of fluid can 
be detected by the sonic wave transmission/reception 
means. Accordingly, the measurement can be started in 
synchronization with a timing of variation. As a result, the 



flow rate can be measured with a high accuracy in a reli- 
able manner. 

[0026] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Thus, a state change of fluid can be detected by the 
heat transmission/reception means. Accordingly, the 
measurement can be started in synchronization with a 
timing of variation. As a result, the flow rate can be mea- 
sured with a high accuracy in a reliable manner. 

[0027] The flowmeter includes: first vibration means and second 

vibration means provided in a flow path for transmitting/re- 
ceiving an sonic wave; switching means for switching an 
transmission/reception operation of the first vibration 
means and the second vibration means; variation detec- 
tion means for detecting a pressure variation in a flow 
path of at least one of the first vibration means and the 
second vibration means; time measurement means for 
measuring a propagation time of a sonic wave transmit- 
ted/received by the first vibration means and the second 
vibration means; measurement control means for per- 
forming control where, when an output of the variation 
detection means shows a predetermined change, the 
measurement means measures a first measurement time 



Tl of propagation from the first vibration means at an up- 
stream side in the flow path to the second vibration 
means at a downstream side in the flow path, and when 
the output of the variation detection means shows a 
change opposite to the predetermined change, the mea- 
surement means measures a second measurement time 
T2 of propagation from the second vibration means at a 
downstream side in the flow path to the first vibration 
means at an upstream side in the flow path; flow rate de- 
tection means for calculating a flow rate using the first 
measurement time Tl and the second measurement time 
T2. Since the measurement is performed at a time when a 
change in a pressure variation is inverted, the phases of 
the pressure variation and the timing of the measurement 
can be shifted. As a result, a measurement error caused 
by a pressure variation can be offset. 
[0028] The flowmeter includes: measurement control means for 
performing measurement control where measurement of 
the first measurement time Tl is started when an output 
of the variation detection means shows a predetermined 
change and measurement of the second measurement 
time T2 is started when the output of the variation detec- 
tion means shows a change opposite to the predeter- 



mined change, and measurement control where, in a next 
measurement, measurement of the first measurement 
time Tl is started when the output of the variation detec- 
tion means shows a change opposite to the predeter- 
mined change and measurement of the second measure- 
ment time T2 is started when the output of the variation 
detection means shows the predetermined change; and 
flow rate calculation means for calculating the flow rate by 
successively averaging a first flow rate obtained by using 
the previous first measurement time Tl and previous sec- 
ond measurement time T2 while alternately changing start 
of measurement and a second flow rate obtained by using 
next first measurement time Tl and next second mea- 
surement time T2. Thus, the timing for measurement is 
changed as described above in order to perform measure- 
ment for the first measurement time Tl and the second 
measurement time T2. As a result, even when a pressure 
variation is asymmetrical between a high pressure side 
and a low pressure side, an influence of such a pressure 
variation can be offset. 
[0029] The flowmeter includes repetition means for performing 
transmission/reception a plurality of times. Thus, averag- 
ing can be performed by increasing the number of times 



of measurement, and as a result, reliable flow rate mea- 
surement can be performed. 

[0030] The flowmeter includes repetition means for performing 
transmission/reception a plurality of times over a time 
period which is a multiple of a variation cycle. Thus, a 
pressure variation can be averaged by measuring accord- 
ing to the variation frequency. As a result, a stable flow 
rate can be measured. 

[0031] The flowmeter includes repetition means for starting 

transmission/reception measurement when an output of 
the variation detection means shows a predetermined 
change and repeating the transmission/reception mea- 
surement with a sonic wave until the output of the varia- 
tion detection means shows the same change as the pre- 
determined change. Thus, the start and stop of the mea- 
surement can be made conformable to the frequency of a 
pressure variation, Therefore, a variation frequency can be 
measured, and a pressure variation is averaged. As a re- 
sult, a stable flow rate can be measured. 

[0032] The flowmeter includes selection means for switching a 
case where the first vibration means and second vibration 
means are used for transmission/reception of a sonic 
wave and a case where the first vibration means and sec- 



ond vibration means are used for detection of a pressure 
variation. Thus, at least one of the first vibration means 
and the second vibration means is used for pressure de- 
tection. As a result, both the flow rate measurement and 
the pressure measurement can be simultaneously 
achieved. 

[0033] The flowmeter includes variation detection means for de- 
tecting a component of an alternating component of a 
variation waveform which is in the vicinity of zero. Thus, a 
variation is detected in the vicinity of a zero component of 
the variation, and hence the measurement can be started 
in the vicinity of zero variation within a time to perform 
flow rate measurement. Therefore, by performing the flow 
rate measurement within a time when a variation is small, 
the measurement can be stabilized even when a variation 
occurs in a fluid. 

[0034] Th e flowmeter includes: frequency detection means for 

detecting the frequency of a signal of the variation detec- 
tion means; and measurement control means for starting 
measurement only when the frequency detected by the 
frequency detection means is a predetermined frequency. 
Thus, by starting the measurement only when the fre- 
quency is a predetermined frequency, measurement can 



be performed when a predetermined variation occurs. As 
a result, a stable flow rate can be measured. 

[0035] The flowmeter includes detection cancellation means for 
automatically starting measurement after a predetermined 
time period when a signal of the variation detection 
means is not detected. Thus, even after a variation disap- 
pears, the flow rate can be automatically measured when 
a predetermined time arrives. 

[0036] The transmission/reception means and the first and sec- 
ond vibration means include piezoelectric transducers. 
Thus, when the piezoelectric transducer is used, an ultra- 
sonic wave is used for transmission/reception while a 
pressure variation can be detected. 

[0037] a flowmeter of the present invention includes: transmis- 
sion/reception means provided in a flow path for per- 
forming transmission/reception using a state change of 
fluid; repetition means for repeating signal propagation 
by the transmission/reception means; time measurement 
means for measuring a propagation time during repetition 
by the repetition means; flow rate detection means for 
detecting a flow rate based on a value of the time mea- 
surement means; variation detection means for detecting 
a fluid variation in a flow path; measurement control 



means for controlling each of the above means; and mea- 
surement monitoring means for monitoring abnormality in 
each of the above means. Thus, when there is a variation 
in a flow in the flow path, the flow rate is measured ac- 
cording to the variation, while abnormality can be quickly 
detected by the measurement monitoring means. Accord- 
ingly, handling of abnormality can be correctly performed, 
and a measured value becomes stable. As a result, the 
flow rate can be measured with a high accuracy, and the 
reliability of the measurement can be improved. 
[0038] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Since a sonic wave is used, the 
flow rate measurement can be performed even when there 
is a variation in fluid. Further, handling of abnormality can 
be correctly performed by the measurement monitoring 
means. As a result, the reliability of the measurement can 
be improved. 

[0039] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Since heat propagation is used, the flow rate mea- 
surement can be performed even when there is a variation 
in fluid. Further, handling of abnormality can be correctly 



performed by the measurement monitoring means. As a 
result, the reliability of the measurement can be im- 
proved. 

[0040] The flowmeter includes: a pair of transmission/reception 
means provided in a flow path for transmitting/receiving a 
sonic wave; repetition means for repeating signal propa- 
gation of the transmission/reception means; time mea- 
surement means for measuring a propagation time of a 
sonic wave during the repetition by the repetition means; 
flow rate detection means for detecting the flow rate 
based on a value of the time measurement means; varia- 
tion detection means for detecting a fluid variation in a 
flow path; measurement control means for controlling 
each of the above means; and measurement monitoring 
means for monitoring abnormality in a start signal which 
directs start of transmission of a sonic wave at a first out- 
put signal of the variation detection means after a direc- 
tion signal of the measurement control means, and ab- 
normality in an end signal which directs end of repetition 
of the transmission/reception of the sonic wave at second 
output signal of the variation detection means. Thus, 
when there is a variation in fluid in the flow path, the 
measurement can be performed in synchronization with 



the frequency of the variation, and abnormality can be de- 
tected by the measurement monitoring means. Therefore, 
a flow rate can be measured with a high accuracy, and a 
reliable measured value can be obtained. In addition, han- 
dling of abnormality can be correctly performed, and the 
reliability of the measured flow rate value can be im- 
proved. 

[0041] The flowmeter includes measurement monitoring means 
for directing a start of transmission of a sonic wave after a 
predetermined time when a start signal is not generated 
within a predetermined time period after a direction of the 
measurement control means. Thus, even when there is no 
variation, and there is no start signal within a predeter- 
mined time period, the flow rate can be measured at every 
predetermined time, and loss of data can be prevented. 

[0042] The flowmeter includes measurement monitoring means 
for directing start of transmission of a sonic wave after a 
predetermined time when a start signal is not generated 
within a predetermined time period after a direction of the 
measurement control means, and for performing mea- 
surement a predetermined number of repetition times. 
Thus, even when there is no variation, and there is no 
start signal within a predetermined time period, the flow 



rate can be measured for a predetermined number of rep- 
etition times at every predetermined time, and loss of 
data can be prevented. 
[0043] The flowmeter includes measurement monitoring means 
which does not perform measurement until a next direc- 
tion of the measurement control means when a start sig- 
nal is not generated within a predetermined time period 
after a direction of the measurement control means. By 
suspending the operation until a next measurement di- 
rection, unnecessary measurement is not performed, 
whereby the amount of consumed power can be de- 
creased. 

[0044] The flowmeter includes measurement monitoring means 
which terminates reception of a sonic wave when an end 
signal is not generated within a predetermined time after 
a start signal. Since the reception of the sonic wave is 
forcibly terminated, the measurement is not suspended 
while waiting for the end signal. Thus, the measurement 
can proceed to a next process, and a stable measurement 
operation can be performed. 

[0045] The flowmeter includes measurement monitoring means 
which terminates reception of a sonic wave and outputs a 
start signal again, when an end signal is not generated 



within a predetermined time after a start signal. Since the 
reception of the sonic wave is forcibly terminated, the 
measurement is not suspended while waiting for the end 
signal. Further, a start signal is output again so as to per- 
form re-measurement. Thus, a stable measurement oper- 
ation can be performed. 

[0046] The flowmeter includes measurement monitoring means 
for stopping transmission/reception processing when ab- 
normality occurs in the number of repetition times. Since 
the measurement is stopped when the number of repeti- 
tion times is abnormal, only data with a high accuracy can 
be used to perform flow rate measurement. 

[0047] The flowmeter includes measurement monitoring means 
which compares a first number of repetition times for 
measurement where a sonic wave is transmitted from a 
first one of the pair of transmission/reception means and 
received by the second transmission/reception means and 
a second number of repetition times for measurement 
where a sonic wave is transmitted from the second trans- 
mission/reception means and received by the first trans- 
mission/reception means, and again outputs a start signal 
when the difference between the first and second num- 
bers of repetition times is equal to or greater than a pre- 



determined number of times. Thus, re-measurement is 
performed when the number of repetition times is greatly 
different, whereby measurement with a high accuracy can 
be performed with a stable variation frequency. 

[0048] The flowmeter includes repetition means for setting the 
number of repetition times such that a first number of 
repetition times for measurement where a sonic wave is 
transmitted from first one of the pair of transmission/recep- 
tion means and received by the second transmission/recep- 
tion means is equal to a second number of repetition 
times for measurement where a sonic wave is transmitted 
from the second transmission/reception means and re- 
ceived by the first transmission/reception means. Thus, 
by employing the same number of repetition times, a pre- 
determined flow rate measurement can be performed 
even when a variation frequency is unstable. 

[0049] The flowmeter includes measurement monitoring means 
for monitoring the number of times that a start signal is 
output again so as to be limited to a predetermined num- 
ber of times or less, such that the outputting of the start 
signal is not permanently repeated. Thus, by limiting the 
number of times of re-measurement, the processing is 
prevented from continuing permanently. As a result, sta- 



ble flow rate measurement can be performed. 

[0050] The flowmeter measures a flow rate from a difference be- 
tween inverse numbers of propagation times measured 
while repeating transmission/reception of an ultrasonic 
wave a plurality of number of times. Thus, when an ultra- 
sonic wave is used, transmission/reception can be per- 
formed without being affected by a variation frequency in 
the flow path. Further, the flow rate is measured from the 
difference of inverse numbers of propagation times which 
are measured while repeating the transmission/reception, 
whereby even a variation of a long cycle can be measured 
by units of one cycle. In addition, the difference of the 
propagation times which is caused by a variation can be 
offset by using the difference of inverse numbers. 

[0051] a flowmeter of the present invention includes: instanta- 
neous flow rate detection means for detecting an instan- 
taneous flow rate; fluctuation determination means for 
determining whether or not there is a pulse in a flow rate 
value; and at least one or more stable flow rate calculation 
means for calculating a flow rate value using different 
means according to a determination result of the fluctua- 
tion determination means. Thus, by determining a varia- 
tion in a measured flow rate and switching the flow rate 



calculation means, the flow rate can be calculated by one 
flow rate measurement means according to the amount of 
the variation in a reliable manner. 

[0052] a flowmeter of the present invention includes: instanta- 
neous flow rate detection means for detecting an instan- 
taneous flow rate; filter processing means for performing 
digital-filter processing of a flow rate value; and stable 
flow rate calculation means for calculating a flow rate 
value using the filter processing means. Thus, when the 
digital filter processing is performed, a calculation equiv- 
alent to an averaging process can be performed without 
using a large number of memories for storing data. More- 
over, the filter characteristic can be modified by changing 
one variable, i.e., a filter coefficient. 

[0053] The flowmeter includes stable flow rate calculation means 
for calculating a stable flow rate value using the digital fil- 
ter processing means when the fluctuation determination 
means determines that there is a pulse. Thus, when a 
pulse occurs, a sharp filter characteristic is selected so as 
to render a large pulse stable, and the filter processing 
can be performed only when a pulse occurs. 

[0054] The fluctuation determination means determines whether 
or not a variation amplitude of a flow rate value is equal to 



or greater than a predetermined value. Thus, a pulse can 
be determined based on the variation amplitude of the 
pulse, whereby the filter processing can be modified ac- 
cording to the variation amplitude of the pulse. 

[0055] The filter processing means modifies a filter characteristic 
according to a variation amplitude of a flow rate value. 
Since the filter characteristic is changed according to the 
variation amplitude of a flow rate value, the filter charac- 
teristic can be quickly modified so as to be a sufficiently 
relaxed filter characteristic that allows a variation accord- 
ing to a variation, in a flow rate when the variation is 
small, and when the variation is large, a sharp filter char- 
acteristic is selected such that a variation of the flow rate 
due to a pulse can be significantly suppressed. 

[0056] The filter processing is performed only when a flow rate 
value detected by the instantaneous flow rate detection 
means is low. Since the filter processing is performed only 
when the flow rate is low, a variation of the flow rate can 
be quickly handled when the flow rate is high, and an in- 
fluence of fluctuation which is caused when the flow rate 
is low can be significantly suppressed. 

[0057] Filter processing means modifies a filter characteristic ac- 
cording to a flow rate value. Since the filter characteristic 



is changed according to the flow rate value, filter process- 
ing is performed only when the flow rate is low, a varia- 
tion of the flow rate can be quickly handled when the flow 
rate is high, and an influence of fluctuation which is 
caused when the flow rate is low can be significantly sup- 
pressed. 

[0058] Filter processing means modifies a filter characteristic ac- 
cording to an interval of a flow rate time of the instanta- 
neous flow rate detection means. Thus, by changing the 
filter characteristic according to an interval of the flow 
rate detection time, the variation can be suppressed with 
a relaxed filter characteristic when the measurement in- 
terval is short or with a sharp filter characteristic when the 
measurement interval is long. 

[0059] The flowmeter includes filter processing means which 
modifies a filter characteristic such that a cut-off fre- 
quency of the filter characteristic becomes high when the 
flow rate is high, and which modifies a filter characteristic 
such that the filter characteristic has a low cut-off fre- 
quency when the flow rate is low. Thus, the response 
characteristic is increased when the flow rate is high, and 
the fluctuation is suppressed when the flow rate is low. 

[0060] a filter characteristic is modified such that a variation am- 



plitude of a flow rate value calculated by the stable flow 
rate calculation means is within a predetermined value 
range. Since the filter characteristic is modified such that 
the variation amplitude is within a predetermined value 
range, the flow rate variation can be suppressed so as to 
be always equal to or smaller than a predetermined value. 

[0061] An ultrasonic wave flowmeter which detects a flow rate by 
using an ultrasonic wave is used as the instantaneous flow 
rate detection means. Thus, by using an ultrasonic wave 
flowmeter, an instantaneous flow rate can be measured 
even when a large flow rate variation occurs. Thus, from 
the flow rate value, a stable flow rate can be calculated. 

[0062] a heat-based flowmeter is used as the instantaneous flow 
rate detection means. When the heat-based flowmeter is 
used, an instantaneous flow rate can be measured even 
when a large flow rate variation occurs. Thus, a stable 
flow rate can be calculated from the flow rate value. 

[0063] a flowmeter of the present invention includes: a flow rate 
measurement section through which fluid to be measured 
flows; a pair of ultrasonic wave transducers provided in 
the flow rate measurement section for transmitting/receiv- 
ing an ultrasonic wave; a driver circuit for driving one of 
the ultrasonic wave transducers; a reception detecting cir- 



cuit connected to the other ultrasonic wave transducer for 
detecting an ultrasonic wave signal; a timer for measuring 
a propagation time of the ultrasonic wave signal; a control 
section for controlling the driver circuit; a calculation sec- 
tion for calculating a flow rate from an output of the 
timer; and periodicity change means for sequentially 
changing a driving method of the driver circuit, wherein 
the control section controls the periodicity change means 
such that the frequency of flow rate measurement is se- 
quentially changed in order to prevent the frequency of 
the measurement from being constant. Thus, noise which 
is in synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 
creased. 

[0064] a flowmeter of the present invention includes: a flow rate 
measurement section through which fluid to be measured 
flows: a pair of ultrasonic wave transducers provided in 
the flow rate measurement section for transmitting/receiv- 
ing an ultrasonic wave; a driver circuit for driving one of 
the ultrasonic wave transducers; a reception detecting cir- 
cuit connected to the other ultrasonic wave transducer for 



detecting an ultrasonic wave signal; a control section for 
controlling the driver circuit for a predetermined number 
of times so as to drive the ultrasonic wave transducers 
again in response to an output of the reception detecting 
circuit; a timer for measuring an elapsed time for the pre- 
determined number of times; a calculation section for cal- 
culating a flow rate from an output of the timer; and peri- 
odicity change means for sequentially changing a driving 
method of the driver circuit, wherein, in response to re- 
ceipt of an output of the reception detecting circuit, the 
control section changes the periodicity change means at 
every receipt detection of the reception detecting circuit 
such that the frequency is not kept constant. Thus, the 
periodicity change means can be operated with a plurality 
of settings for measurement within one flow rate mea- 
surement cycle. As a result, noise is dispersively averaged 
in a measurement result, and a reliable measurement re- 
sult can be obtained. 
[0065] The periodicity change means switchingly outputs a plu- 
rality of output signals having different frequencies; and 
the control section changes a frequency setting of the pe- 
riodicity change means at every measurement so as to 
change a driving frequency of the driver circuit. Thus, by 



changing the driving frequency, the reception detecting 
timing can be changed by a time corresponding to a fre- 
quency variation of a driving signal. Thus, noise which is 
in synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 
creased. 

[0066] The periodicity change means outputs output signals hav- 
ing the same frequency and a plurality of different phases; 
and the control section operates such that a phase setting 
for the output signal of the periodicity change means is 
changed at every measurement and a driving phase of the 
driver circuit is changed. Thus, by changing the driving 
phase, the reception detecting timing can be changed by a 
time corresponding to a phase variation of a driving sig- 
nal. Thus, noise which is in synchronization with a mea- 
surement frequency or a transmission frequency of an ul- 
trasonic wave is never in the same phase but dispersed 
when the ultrasonic wave is received. Therefore, a mea- 
surement error can be decreased. 

[0067] The frequency change means outputs a synthesized signal 
obtained by superposing a signal of a first frequency 



which is an operation frequency of the ultrasonic wave 
transducers and a signal of a second frequency which is 
different from the first frequency; and the control section 
outputs, through the driver circuit, at every measurement, 
an output signal where the second frequency of the peri- 
odicity change means is changed. Thus, the periodicity of 
the flow rate measurement can be disturbed. As a result, 
noise which is in synchronization with a measurement fre- 
quency or a transmission frequency of an ultrasonic wave 
is never in the same phase but dispersed when the ultra- 
sonic wave is received. Therefore, a measurement error 
can be decreased. 
[0068] The periodicity change means switches the setting be- 
tween a case where there is a second frequency and a 
case where there is not a second frequency. Thus, since 
the reception detecting timing is changed by changing the 
vibration of the ultrasonic wave transducer that transmits 
an ultrasonic wave, the periodicity of the flow rate mea- 
surement can be disturbed. As a result, noise which is in 
synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 



creased. 

[0069] The periodicity change means changes the phase setting 
of the second frequency. Thus, since the reception detect- 
ing timing is changed by changing the vibration of the ul- 
trasonic wave transducer that transmits an ultrasonic 
wave, the periodicity of the flow rate measurement can be 
disturbed. As a result, noise which is in synchronization 
with a measurement frequency or a transmission fre- 
quency of an ultrasonic wave is never in the same phase 
but dispersed/averaged when the ultrasonic wave is re- 
ceived. Therefore, a measurement error can be decreased. 

[0070] The periodicity change means changes the frequency set- 
ting of the second frequency. Thus, since the reception 
detecting timing is changed by changing the vibration of 
the ultrasonic wave transducer that transmits an ultra- 
sonic wave, the periodicity of the flow rate measurement 
can be disturbed. As a result, noise which is in synchro- 
nization with a measurement frequency or a transmission 
frequency of an ultrasonic wave is never in the same 
phase but dispersed when the ultrasonic wave is received. 
Therefore, a measurement error can be decreased. 

[0071] The periodicity change means includes a delay section ca- 
pable of setting different delay times; and the control sec- 



tion changes the setting of the delay at each transmission 
of an ultrasonic wave or at each receipt detection of an ul- 
trasonic wave. Thus, in one measurement operation, re- 
verberation of an ultrasonic wave transmitted in an imme- 
diately-previous measurement and an influence of tailing 
of the ultrasonic wave transducers can be dispersed, 
whereby a measurement error can be decreased. 
[0072] The cycle width changed by the periodicity change means 
is a multiple of a value corresponding to a variation of a 
propagation time which is caused by a measurement er- 
ror. Thus, when the measured values for all the settings 
are summed up and averaged, an error can be suppressed 
to a minimum. 

[0073] jhe cycle width changed by the periodicity change means 
is equal to a cycle of a resonance frequency of the ultra- 
sonic wave transducers. Thus, in a value obtained by 
summing up and averaging the measured values for all 
the settings, a measurement error which may be caused 
by reverberation of an ultrasonic wave or tailing of the ul- 
trasonic wave transducers is minimum. Thus, the mea- 
surement error can be decreased. 

[0074] The order of patterns for changing the periodicity is the 
same for both measurement in a upstream direction and 



measurement in a downstream direction. Thus, the mea- 
surement with an ultrasonic wave transmitted toward the 
upstream side and the measurement with an ultrasonic 
wave transmitted toward the downstream side are always 
performed under the same conditions. Hence, even when 
there is a variation in the flow rate, a reliable measure- 
ment result can be obtained. 
[0075] The predetermined number of times is a multiple of a 

change number of the periodicity change means. Thus, all 
the setting values of the periodicity change means are 
uniformly set within a single flow rate measurement oper- 
ation. As a result, a reliable measurement result can be 
obtained. 

[0076] a flowmeter of the present invention includes: a flow rate 
measurement section through which fluid to be measured 
flows; a pair of ultrasonic wave transducers provided in 
the flow rate measurement section for transmitting/receiv- 
ing an ultrasonic wave; a driver circuit for driving one of 
the ultrasonic wave transducers; a reception detecting cir- 
cuit connected to the other ultrasonic wave transducer for 
detecting an ultrasonic wave signal; a first timer for mea- 
suring a propagation time of the ultrasonic wave signal; a 
second timer for measuring a time period from when the 



reception detecting circuit detects a receipt to when a 
value of the first timer changes; a control section for con- 
trolling the driver circuit; and a calculation section for cal- 
culating a flow rate from outputs of the first timer and 
second timer, wherein the second timer is corrected by 
the first timer. Since the flow rate calculation is performed 
using a value obtained by subtracting a value of the sec- 
ond timer from a value of the first timer, the time mea- 
surement resolution is equal to that of the second timer. 
Further, since the operation time of the second timer is 
very short, the amount of consumed power can be de- 
creased. Thus, a flowmeter with high resolution which 
consumes a small amount of power can be realized. Fur- 
thermore, a correct flow rate measurement can be 
achieved so long as the second timer operates in a stable 
manner after the correction is made until flow rate mea- 
surement is performed. Therefore, a correct measurement 
can be performed even when the second timer lacks long- 
term stability. Thus, a flowmeter with a high accuracy can 
be realized with ordinarily-employed parts. 
[0077] The flowmeter includes a temperature sensor, wherein the 
second timer is corrected by the first timer when an out- 
put of the temperature sensor varies so as to be equal to 



or greater than a set value. Thus, even when the second 
timer has a characteristic which varies according to a vari- 
ation in the temperature, the second timer is corrected 
every time a temperature variation occurs, whereby cor- 
rect measurement can be performed. Furthermore, such a 
correction is made only when it is necessary, the amount 
of consumed power can be decreased. 

[0078] The flowmeter includes a voltage sensor for detecting the 
power supply voltage of the circuit, wherein the second 
timer is corrected by the first timer when an output of the 
voltage sensor varies so as to be equal to or greater than 
a set value. Thus, even when the second timer has a char- 
acteristic which varies according to a variation in the 
power supply voltage, the second timer is corrected every 
time a variation occurs in the power supply voltage, 
whereby correct measurement can be performed. Further- 
more, it is not necessary to periodically make a correction, 
the amount of consumed power can be decreased. 

[0079] a flowmeter of the present invention includes: a flow rate 
measurement section through which fluid to be measured 
flows; a pair of ultrasonic wave transducers provided in 
the flow rate measurement section for transmitting/receiv- 
ing an ultrasonic wave; a driver circuit for driving one of 



the ultrasonic wave transducers; a reception detecting cir- 
cuit connected to the other ultrasonic wave transducer for 
detecting an ultrasonic wave signal; a control section for 
controlling the driver circuit for a predetermined number 
of times so as to drive the ultrasonic wave transducers 
again in response to an output of the reception detecting 
circuit; a timer for measuring an elapsed time for the pre- 
determined number of times: a calculation section for cal- 
culating a flow rate from an output of the timer; and peri- 
odicity stabilizing means for sequentially changing a driv- 
ing method of the driver circuit, wherein the control sec- 
tion controls the periodicity stabilizing means such that a 
measurement frequency is always maintained to be con- 
stant. With this structure, the measurement frequency is 
always constant even when a propagation time varies. 
Thus, noise which is in synchronization with a measure- 
ment frequency or a transmission frequency of an ultra- 
sonic wave is always in the same phase when the ultra- 
sonic wave is received regardless of a variation in the 
propagation time. Therefore, a measurement error can be 
maintained as a constant value. Accordingly, the flow rate 
measurement can be stabilized even when the noise has a 
very long periodic noise. 



[0080] The control section includes periodicity stabilizing means 
formed by a delay section capable of setting different de- 
lay times; and the control section changes an output tim- 
ing of the driver circuit by switching the delay times. Since 
the measurement frequency is maintained to be constant 
by changing the delay time, the measurement frequency 
can be stabilized without giving an influence to driving of 
the ultrasonic wave transducers. 

[0081] The control section controls the driver circuit such that a 
measurement time is maintained to be constant. Thus, the 
measurement frequency can be maintained to be constant 
with a simple calculation without calculating a propaga- 
tion time for each ultrasonic wave transmission. 
Brief Description of Drawings 

[0082] Figure 1 is a block diagram showing a flowmeter accord- 
ing to embodiment 1 of the present invention. 

[0083] Figure 2 is a timing chart illustrating an operation of the 
flowmeter of embodiment 1. 

[0084] Figure 3 is a variation waveform graph for illustrating the 
operation of the flowmeter of embodiment 1. 

[0085] Figure 4 is a flowchart showing an operation of the 
flowmeter of embodiment 1. 

[0086] Figure 5 is a flowchart showing an operation of the 



flowmeter of embodiment 1. 

[0087] Figure 6 is a flowchart showing an operation of a flowme- 
ter according to embodiment 2 of the present invention. 

[0088] Figure 7 is a block diagram showing a flowmeter accord- 
ing to embodiment 3 of the present invention. 

[0089] Figure 8 is a flowchart showing an operation of the 
flowmeter of embodiment 3. 

[0090] Figure 9 is another flowchart showing an operation of the 
flowmeter of embodiment 3. 

[0091] Figure 10 is a block diagram showing a flowmeter accord- 
ing to embodiment 4 of the present invention. 

[0092] Figure 11 is a flowchart showing an operation of the 
flowmeter of embodiment 4. 

[0093] Figure 12 is a block diagram showing a flowmeter accord- 
ing to embodiment 5 of the present invention. 

[0094] Figure 13 is a block diagram showing a flowmeter accord- 
ing to embodiment 6 of the present invention. 

[0095] Figure 14 is a structure diagram of the flowmeter of em- 
bodiment 6. 

[0096] Figure 15 is a timing chart showing an operation of the 

flowmeter of embodiment 6. 
[0097] Figure 16 is another timing chart showing an operation of 

the flowmeter of embodiment 6. 



[0098] Figure 17 is a flowchart showing an operation of the 
flowmeter of embodiment 6. 

[0099] Figure 18 is another flowchart showing an operation of 
the flowmeter of embodiment 6. 

[0100] Figure 19 is another block diagram of the flowmeter of 
embodiment 6. 

[0101] Figure 20 is a timing chart showing an operation of a 

flowmeter according to embodiment 7 of the present in- 
vention. 

[0102] Figure 21 is a flowchart showing an operation of the 

flowmeter according to embodiment 7. 
[0103] Figure 22 is a timing chart showing an operation of a 

flowmeter of embodiment 8 of the present invention. 
[0104] Figure 23 is a flowchart showing an operation of the 

flowmeter according to embodiment 8. 
[0105] Figure 24 is a block diagram showing a flowmeter accord 

ing to embodiment 9 of the present invention. 
[0106] Figure 25 is a timing chart showing an operation of the 

flowmeter according to embodiment 9. 
[0107] Figure 26 is a block diagram showing a flowmeter accord 

ing to embodiment 10 of the present invention. 
[0108] Figure 27 is a flowchart showing an operation of the 

flowmeter according to embodiment 10. 



[0109] Figure 28 is a timing chart showing an operation of a 

flowmeter of embodiment 11 of the present invention. 
[0110] Figure 29 is a timing chart showing an operation of a 

flowmeter of embodiment 12 of the present invention. 
[° 1 1 1 ] Figure 30 is a timing chart showing an operation of the 

flowmeter of embodiment 12. 
[0112] Figure 31 is another timing chart showing an operation of 

the flowmeter of embodiment 12. 
[0113] Figure 32 is a timing chart showing an operation of a 

flowmeter of embodiment 13 of the present invention. 
[0114] Figure 33 is a timing chart showing an operation of a 

flowmeter of embodiment 14 of the present invention. 
[0115] Figure 34 is a flowchart showing an operation of a 15 

flowmeter of embodiment 15 of the present invention. 
[0116] Figure 35 is a flowchart showing an operation of a 

flowmeter of embodiment 16 of the present invention. 
[0117] Figure 36 is a flowchart showing an operation of a 

flowmeter of embodiment 17 of the present invention. 
[0118] Figure 37 is a flowchart showing an operation of a 

flowmeter of embodiment 18 of the present invention. 
[0119] Figure 38 is a flowchart showing an operation of a 

flowmeter of embodiment 19 of the present invention. 
[0120] Figure 39 is a flowchart showing an operation of a 



flowmeter of embodiment 20 of the present invention. 

[0121] Figure 40 is a flowchart showing an operation of a 

flowmeter of embodiment 21 of the present invention. 

[0122] Figure 41 is a block diagram showing a flowmeter accord- 
ing to embodiment 22 of the present invention. 

[0123] Figure 42 is a block diagram showing a flowmeter accord- 
ing to embodiment 23 of the present invention. 

[0124] Figure 43 is a flowchart showing an operation of the 
flowmeter according to embodiment 23. 

[0125] Figure 44 is a flowchart showing a digital filter processing 
of the flowmeter of embodiment 23. 

[0126] Figure 45 is a filter characteristic graph for illustrating an 
operation of the flowmeter of embodiment 23. 

[0127] Figure 46 is a flowchart showing an operation of a 

flowmeter of embodiment 24 of the present invention. 

[0128] Figure 47 is a flowchart showing an operation of a 

flowmeter of embodiment 25 of the present invention. 

[0129] Figure 48 is a flowchart showing an operation of a 

flowmeter of embodiment 26 of the present invention. 

[0130] Figure 49 is a flowchart showing an operation of a 

flowmeter of embodiment 27 of the present invention. 

[0131] Figure 50 is a flowchart showing an operation of a 30 
flowmeter of embodiment 28 of the present invention. 



[0132] Figure 51 is a block diagram showing a flowmeter accord- 
ing to embodiment 29 of the present invention. 

[0133] Figure 52 is a block diagram showing a flowmeter accord- 
ing to embodiment 30 of the present invention. 

[0134] Figure 53 is a block diagram of periodicity change means 
of the flowmeter of embodiment 30. 

[0135] Figure 54 is a timing chart for showing a reception detec- 
tion timing of the flowmeter of embodiment 30. 

[0136] Figure 55 is a block diagram showing a flowmeter accord- 
ing to embodiment 31 of the present invention. 

[0137] Figure 56 is a block diagram of periodicity change means 
of the flowmeter of embodiment 31. 

[0138] Figure 57A is a block diagram of periodicity change 

means of the flowmeter of embodiment 32 of the present 
invention. 

[0139] Figure 57B is a timing chart for showing a reception de- 
tection timing of the flowmeter of embodiment 32. 

[0140] Figure 58 is a block diagram of periodicity change means 
of the flowmeter of embodiment 33 of the present inven- 
tion. 

[0141] Figure 59 is a block diagram of periodicity change means 
of the flowmeter of embodiment 34 of the present inven- 
tion. 



[0142] Figure 60 is a block diagram of periodicity change means 
of the flowmeter of embodiment 35 of the present inven- 
tion. 

[0143] Figure 61 is a block diagram showing a flowmeter accord- 
ing to embodiment 36 of the present invention. 

[0144] Figure 62 is a diagram showing operations of a first timer 
and a second timer according to embodiment 36 of the 
present invention. 

[0145] Figure 63 is a block diagram showing a flowmeter accord- 
ing to embodiment 37 of the present invention. 

[0146] Figure 64 is a block diagram showing a conventional 
flowmeter. 

[0147] Figure 65 is a block diagram showing another conven- 
tional flowmeter. 

[0148] Figure 66 is a block diagram showing still another con- 
ventional flowmeter. 

[0149] Figure 67 is a flowchart showing an operation of still an- 
other conventional flowmeter. 

[0150] Figure 68 is a block diagram showing a conventional 

flowmeter. 
Detailed Description 

[0151] Hereinafter, embodiments of the present invention will be 
described with reference to the drawings. 



Embodiment 1 

[0152] Figure 1 is a block diagram showing a flowmeter accord- 
ing to embodiment 1 of the present invention. In Figure 1, 
reference numeral 117 is first transmission/reception 
means which is provided in a flow path 116 and which 
functions as transmission/reception means for transmit- 
ting/receiving a signal by using propagation of a sonic 
wave as a state change in a fluid. Reference numeral 118 
is second transmission/reception means as transmission/re- 
ception means. Reference numeral 119 is repetition 
means for repeating signal propagation between the first 
transmission/reception means 117 and the second trans- 
mission/reception means 118. Reference numeral 120 is 
time measurement means for measuring a propagation 
time of a sonic wave propagated during the repetition in 
the repetition means 119. Reference numeral 121 is flow 
rate detection means for detecting the flow rate based on 
a value from the time measurement means 120. Reference 
numeral 122 is number-of-times change means for suc- 
cessively making a change to a predetermined number of 
repetition times. Furthermore, an elapsed time detection 
means 123 for detecting halfway information concerning 
the propagation time of propagation repeated in the repe- 



tition section 119, frequency detection means 124 for de- 
tecting the frequency of a variation in flow rate from the 
information of the elapsed time detection means 123, and 
number-of-times change means 122 for making a change 
to a setting such that the measurement time is substan- 
tially a multiple of one cycle of the frequency detected in 
the frequency detection means 124, are included. Herein, 
data stored in data holding means 125 holds one propa- 
gation time of transmission/reception which has been ob- 
tained by elapsed time detection means 123. The fre- 
quency is detected by the frequency detection means 124 
by comparing data held by the data holding means 125 
with data of a measured propagation time. Reference nu- 
meral 126 is switching means for switching operations of 
transmission/reception between the first transducer 117 
and the second transducer 118. Reference numeral 127 is 
a transmitter for transmitting an ultrasonic signal. Refer- 
ence numeral 128 is a receiver for receiving an ultrasonic 
signal. 

[0153] Next, an operation and function of the flowmeter are de- 
scribed with reference to Figures 2 through 5. As shown in 
Figure 2, in a flowmeter of the present invention, mea- 
surement begins in response to a repetition start signal. 



An input signal is input to the first transducer, and the 
first transducer vibrates to transmit a sonic wave. The 
sonic wave is received by the second transducer. The 
propagation time of the sonic signal is measured by the 
time measurement means based on a predetermined clock 
count. The delay time in the drawing is a fixed waiting 
time which is provided for waiting for attenuation of the 
sound wave. After detecting a counted value of the delay 
time and propagation time as C., an input signal is again 
input to the first transducer to transmit a sonic wave, and 
the sonic wave is received by the second transducer. This 
repetitive measurement is performed a predetermined 
number of times. The count number received by the sec- 
ond transducer, C.+ i , is compared with the previous count 
number C , so as to detect the frequency of repetitively 

i 

occurring flow rate variation. For example, as shown in 
Figure 3, comparing points V5 and V6 of the flow rate 
variation, the difference between the count numbers, C - 

5 

C , is a negative value. However, comparing points V6 and 

6 

V7 of the flow rate variation, the difference between the 
count numbers, C g -C 7 , is a positive value. That is, the 
sign is inverted. Then, again, the time when the difference 
between the count values, C -C. +i , changes from a nega- 



tive value to a positive value is determined for each repe- 
tition according to the processing shown in the flowchart 
of Figure 4, whereby the frequency is detected. 

[0154] The flowchart of Figure 4 shows a flow of frequency de- 
tection. Specifically, Figure 4 shows that one time mea- 
surement counter is held for comparison with the next 
time measurement counter, whereby a change in a flow 
rate variation is detected. Furthermore, as shown in Figure 
5, the processing 1 and number-of-times change means 
are performed before every flow rate measurement. In this 
way, the frequency is detected, and in that cycle, mea- 
surement of a propagation time is repeatedly performed. 
Hence, the flow rate is measured without being affected 
by a variation because the measured flow rate is averaged 
by measuring at an interval of one cycle of the variation 
even when there is a variation in the flow. When measure- 
ment is performed not only within one cycle but also over 
a plurality of cycles, the flow rate measurement can be 
performed with a high accuracy in a more reliable manner. 

[0155] The method for detecting the frequency by use of an in- 
version of the sign of the difference between the count 
values has been described. However, detection of the fre- 
quency may be achieved by detecting a point at which the 



difference is maximum, or by detecting a point at which a 
count value nearest to the held count value is counted 
again. Further, the detection method which utilizes a 
comparison with one held data has been described. How- 
ever, the frequency may be detected by using an auto- 
correlation or frequency analysis method with a plurality 
of held data, or by obtaining a difference among a plural- 
ity of held data as described above. 
[0156] Thus, the flowmeter does not require means for detecting 
a variation in a flow, i.e., the structure thereof can be sim- 
plified. The frequency is detected from the halfway infor- 
mation of the time measurement means before the flow 
rate detection is performed such that the time for the 
repetitive measurement is a multiple of one cycle of the 
variation frequency. Therefore, the flow rate measurement 
can be performed with a high accuracy in a reliable man- 
ner. Time measurement information at each moment is 
held and compared by the data holding means, whereby 
the frequency can be detected at each occasion. Further- 
more, by successively changing the number of repetition 
times, an influence caused due to a change in a variation 
of a flow can be suppressed, hence a reliable flow rate 
measurement can be achieved. Still further, the number of 



repetition times is set so as to be a multiple of one cycle 
of the variation frequency before the flow rate measure- 
ment is performed. Thus, a variation in a flow is averaged, 
and as a result, the flow rate measurement can be per- 
formed with a high accuracy in a reliable manner. 
Embodiment 2 

[0157] Figure 6 is a flowchart showing an operation of a flowme- 
ter according to embodiment 2 of the present invention. 
Embodiment 2 is different from embodiment 1 in that the 
process of embodiment 2 is structured such that the 
number of repetition times which is determined according 
to a frequency obtained by the frequency detection means 
is used in the next flow rate measurement. The structure 
of the flowmeter in embodiment 2 is the same as that 
shown in Figure 1. 

[0158] As shown in Figure 6, measurement of propagation time 
Tl of an ultrasonic wave propagating from the first trans- 
ducer is performed, while time measurement information 
C of the measurement means at that time is held in the 

i 

data holding means. Measurement of propagation time T2 
of an ultrasonic wave propagating from the second trans- 
ducer is then performed, and the flow velocity and flow 
rate are calculated from times Tl and T2. Then, the fre- 



quency of a flow variation is detected from the held time 
measurement information C. by using a method described 
in embodiment 1, and the number of repetition times for 
the next measurement is changed such that the detected 
frequency is reflected in the next measurement. 
[0159] | n this way, the detected frequency of a flow variation is 
used in the next measurement, whereby the flow rate 
measurement and the frequency can be simultaneously 
performed. It is not necessary to perform repetitive mea- 
surement of sonic wave propagation only for detecting the 
variation frequency, and accordingly, the current con- 
sumption can be decreased. The number of repetition 
times can be set according to the variation frequency, so 
that the variation is averaged, and the flow rate can be 

measured with a high accuracy in a reliable manner. 
Embodiment 3 

[0160] Figure 7 is a block diagram of a flowmeter according to 
embodiment 3 of the present invention. Embodiment 3 is 
different from embodiment 1 in that the flowmeter of em- 
bodiment 3 includes: flow rate variation identification 
means 129 to determine the magnitude of a flow rate 
variation detected by the flow rate detection means 121; 
and number-of-times change means 122 for changing 



the number of repetition times such that the flow rate 
variation identified by the flow rate variation identification 
means 129 is decreased, and that the flow rate variation 
identification means 129 operates using a standard devia- 
tion of the flow rate. 

[0161] As shown in the flowchart of Figure 8, the flow rate Qi is 
first measured. When the flow rate is equal to or higher 
than a predetermined value Qm (for example, 100 liter/ 
hour), the number of repetition times is kept unchanged. 
When the flow rate is lower than a predetermined value 
Qm, standard deviation Hi is obtained based on n pieces 
of data before the measured flow rate Qi. When the stan- 
dard deviation Hi is equal to or greater than a predeter- 
mined value Hm (for example, 1 liter/hour), the number of 
repetition times is changed. At this time, the number of 
repetition times is changed (increased) from an initial 
value 10 by a predetermined value dK (for example, two 
times). When the number of repetition times is equal to or 
greater than a predetermined number of times, Km, the 
number of repetition times is reset to the initial value and 
changed again from the first. 

[0162] | n this way, only when the measured flow rate is lower 

than a predetermined flow rate, the number of repetition 



times is changed, whereby the process is stopped when 
the flow rate is high, and accordingly, the consumed 
power is decreased. When the standard deviation is equal 
to or greater than a predetermined value, the number of 
repetition times is changed such that the flow rate varia- 
tion becomes small, whereby the flow rate measurement 
can be achieved with a high accuracy in a reliable manner 
even when there is a variation in a flow. A flow rate varia- 
tion is identified by using the standard deviation, whereby 
a variation can be correctly detected. Further, the number 
of repetition times is gradually changed in an incremental 
manner, whereby the necessary number of repetition 
times can be determined because the repetition number 
can be examined from a small number of times. 

[0163] As shown in Figure 9, only when the measure flow rate is 
equal to or lower than a predetermined flow rate, and the 
standard deviation is equal to or higher than a predeter- 
mined value, the number-of-repetition-times change 
means operates, so that the number of times that the op- 
eration of changing the number of times is performed is 
further restricted, and accordingly, the consumed power 
can be decreased. 

[0164] | n the above-described method, the number of times is 



changed in a gradual incremental manner. However, if the 
standard deviation when the number of times is changed 
is increased, the number of times may be decrementally 
changed. In such a case, when the direction of change of 
the number of times, i.e., increment or decrement, is con- 
trolled according to a variation of the standard deviation, 
measurement can be performed in a more reliable man- 
ner. Further, when an electric battery cell is used as the 
power source of the flowmeter, the consumed power is 
decreased, and accordingly, the flowmeter can be used 

over a long time period. 
Embodiment 4 

[0165] Figure 10 is a block diagram of a flowmeter according to 
embodiment 4 of the present invention. Embodiment 4 is 
different from embodiment 1 in that the flowmeter of em- 
bodiment 4 includes abnormality identification means 130 
and flow rate management means 131. The number- 
of-times change means operates during the execution of 
processing in the abnormality identification means 130 as 
predetermined processing and during the execution of 
processing in the flow rate management means 131. 

[0166] As in the flowchart shown in Figure 11, the number of 
repetition times is changed during the execution of the 



processing in the abnormality identification means, and 
during the execution of processing in the flow rate man- 
agement means. The number of repetition times can be 
changed only when it is necessary, so that the consumed 
power can be decreased. That is, in consideration of an 
urgency of executing abnormality identification, the flow 
rate should be measured within a short space of time. In a 
flow rate measurement method which is executed in ac- 
cordance with a variation in a flow, abnormality identifica- 
tion is slow. When the number of repetition times is 
changed in accordance with the variation frequency before 
performing measurement, the measurement can be 
achieved within a short space of time. Furthermore, the 
flow rate management is performed for managing what 
load is used in the downstream side. It is necessary to de- 
tect and identify the flow rate within a short space of time. 
Similar to abnormality identification, the number of repe- 
tition times is changed so as to conform to the variation 
frequency before performing measurement, whereby the 
measurement can be achieved within a short space of 

time. 
Embodiment 5 

[0167] Figure 12 is a block diagram of a flowmeter according to 



embodiment 5 of the present invention. Embodiment 5 is 
different from embodiment 1 in that the transmission/recep- 
tion means utilizes propagation of heat for detecting a 
change in the state of fluid. Reference numeral 132 de- 
notes a heater for emitting heat, and reference numeral 
133 denotes a temperature sensor for receiving the heat. 
[0168] Also in the case where the transmission means and the 
reception means utilize heat, the variation frequency can 
be detected from the variation in a heat propagation time, 
and accordingly, the structure can be simplified. Further, 
the times to perform repetitive measurement can be 
changed. When the number of repetition times is a multi- 
ple of one cycle of the variation frequency, the flow rate 
measurement can be performed with a high accuracy in a 
reliable manner. Furthermore, the number of times of 
successive repetition can be changed according to a 
change in a flow variation, and an influence of variation 
can be quickly suppressed, whereby the flow rate mea- 
surement can be performed in a reliable manner. Further 
still, immediately before performing flow rate measure- 
ment, the number of repetition times is set to a multiple 
of one cycle of the variation frequency, and accordingly, a 
variation of a flow is averaged, so that the flow rate mea- 



surement can be performed with a high accuracy in a reli- 
able manner. 
Embodiment 6 



[0169] Figure 13 is a block diagram showing a flowmeter accord- 
ing to embodiment 6 of the present invention. In Figure 
13, reference numeral 223 denotes a first piezoelectric 
transducer, which is first vibration means of transmis- 
sion/reception means that is provided in a flow path 224 
and that performs transmission/reception using an ultra- 
sonic wave as a state change of fluid. Reference numeral 
225 denotes a second piezoelectric transducer, which is 
second vibration means of transmission/reception means 
that performs transmission/reception of an ultrasonic 
wave. Reference numeral 226 denotes a switch (switching 
means) for switching a transmission/reception operation 
of the first piezoelectric transducer and the second piezo- 
electric transducer. Reference numeral 227 denotes time 
measurement means for measuring by a sing-around 
method a propagation time of a sonic wave repeatedly 
transmitted/received between the first piezoelectric trans- 
ducer 223 and the second piezoelectric transducer 225. 
Reference numeral 228 denotes flow rate detection means 
for detecting the flow rate based on a value of the time 



measurement means. Reference numeral 229 denotes 
variation detection means for measuring a pressure varia- 
tion in the flow path by using the first piezoelectric trans- 
ducer 223 and the second piezoelectric transducer 225. 
Reference numeral 230 denotes measurement control 
means for starting measurement in synchronization with a 
timing of the pressure variation detected by the variation 
detection means. 
[0170] The measurement control means 230 performs measure- 
ment control such that measurement of a first measure- 
ment time Tl is started at a rising edge of an output of 
the variation detection means 229, and measurement of a 
second measurement time T2 is started at a falling edge 
of the output of the variation detection means 229. The 
measurement control means 230 performs measurement 
start control such that, for the next measurement, mea- 
surement of a first measurement time Tl is performed at 
a falling edge of the output of the variation detection 
means, and measurement of a second measurement time 
T2 is performed at a rising edge of the output of the vari- 
ation detection means. The flow rate measurement means 
228 calculates the flow rate by successively averaging the 
first flow rate obtained using the previous first measure- 



ment time Tl and the second measurement time T2, while 
alternately changing the start of measurement, with the 
second flow rate obtained using the next first measure- 
ment time Tl and the second measurement time T2. Ref- 
erence numeral 231 denotes a selection switch as selec- 
tion means for switching between a transmission/recep- 
tion operation of an ultrasonic wave by using the second 
piezoelectric transducer and a pressure variation detec- 
tion operation. Reference numeral 232 denotes a trans- 
mitter of an ultrasonic signal. Reference numeral 233 de- 
notes a receiver of an ultrasonic signal. Reference numeral 
234 denotes repetition means for performing a sing- 
around measurement. Reference numeral 235 denotes 
operation check means for checking the operations of the 
first piezoelectric transducer and the second piezoelectric 
transducer. 

[0171] Next, an operation and function are described with refer- 
ence to Figures 14 through 19. In a flow path having a 
structure shown in Figure 14, propagation time Tl of an 
ultrasonic wave from the first piezoelectric transducer 223 
to the second piezoelectric transducer 225 is Tl = L/ 
(C+Vcos6). Propagation time T2 of an ultrasonic wave 
from the second piezoelectric transducer 225 to the first 



piezoelectric transducer 223 is T2 = L/(C-Vcos6). Herein, 
V denotes a flow velocity in the flow path, C denotes 
acoustic velocity, and 6 denotes an angle of inclination. 
With the difference of inverse numbers of Tl and T2, the 
flow velocity V is obtained from Tl and T2 as shown in 
the following expression: 

l/Tl-l/T2=2Vcos6/L 
V=(L/2cos6) • (1/T1-1/T2) 

[0172] |f there is a pressure variation in the flow path, the flow 
velocity changes according to the pressure variation. 
Thus, Tl and T2 are expressed as follows: 

Tl-L/(C+Vcos6+u • sin(2nft)) 
T2=L/(C-Vcos8-u • sin(2nft+Tj>) ) 

where f denotes variation frequency, u denotes variation 
flow velocity, and ip denotes a difference between a start 
time of Tl measurement and a start time of T2 measure- 
ment (phase difference). The difference between the in- 
verse numbers of Ti and T2 is expressed as follows: 

1/T1-1/T2 

= (2Vcos8+u • (sin(2nft)+sin(2Jift*\|>) ) )/L 



When Y=tt, sin(2nft+Y)=sin(2Trft). That is, an influence of 
the variation is cancelled. Thus, 

V=(L/2oos6) * (1/T1-1/T2) 

That is, the flow velocity V can be measured when there is 
a variation, and the flow rate can be measured in consid- 
eration of the cross-sectional area of the flow path. In the 
above example, the measurement based on a single 
transmission/reception operation has been described. 
However, in the case where the integrated time is ob- 
tainedby a sing-around method where the propagation 
time is repeatedly measured by the repetition means 234, 
Tl and T2 can be expressed similarly as shown in the fol- 
lowing expressions: 

Tl=Z[L/(C+Vcos0+u • sin(2Jifti) ) ] 
=2L / ( 2 ( C+VcosB ) +2 ( u • sin ( 2aif ti ) ) ) 

T2=Z[L/(C-Vcos8-u • sin( 2nf ti+i|>) ) ] 
=2L/(2(C+Vcos6)+2(u • sin(2rtftl+i|>) ) ) 

where i denotes the number of times of sing-around, and 
I denotes an integration from i = l to N. The sing-around 
method is a method where transmission/reception of an 
ultrasonic wave is repeated, whereby a long total propa- 
gation time is obtained, and accordingly, the measure- 



ment accuracy is increased. Herein, the details of mea- 
surement processing of the sing-around method are 
omitted. 

[0173] From the difference of the inverse numbers of Tl and T2, 
the following expression can be obtained: 



1/T1-1/T2 

= {2[2Vcos8]+2[u' <sin(2nft)) 
+2[u • sin(2nft+o|f))])/2L 

[0174] when ip=TT, sin(2rrft+ip) = -sin(2"rrft). That is, an influence 
of the variation is cancelled when the sing-around method 
is used. Thus, 

V=(L/2cos6) ' (1/T1-1/T2) 



That is, the flow velocity V can be measured when there is 
a variation, and the flow rate can be measured in consid- 
eration of the cross-sectional area of the flow path. 
[0175] The start timing when the time difference Y is tt is de- 
scribed with reference with Figure 15. An output signal of 
the variation detection means 229 is achieved by compar- 
ing and detecting a zero-crossing point of an alternating 
component of the pressure variation by a comparator. 
That is, measurement of Tl is started at a rising edge of 



the output signal of the variation detection means, and 
integral time Tl is measured for a predetermined number 
of times of sing-around. On the other hand, measurement 
of T2 is started at a falling edge of the output signal of 
the variation detection means 29, and integral time T2 is 
measured for the same predetermined number of times of 
sing-around. As shown in Figure 15, Tl is measured 
within zones A, B, and C of the pressure waveform. 12 is 
measured within zones F, G, and H, which have an in- 
verted amplitude of that within zones A, B, and C. Thus, 
the pressure variation is cancelled. 
[0176] when the pressure variation exhibits a positive-negative 
(peak-to-peak) symmetry waveform as shown in Figure 

15, the variation can be cancelled by a single measure- 
ment operation for each of Tl and T2. However, when the 
pressure variation exhibits a positive-negative 
(peak-to-peak) asymmetry waveform .as shown in Figure 

16, the variation can be cancelled by appropriately chang- 
ing the time from which the measurement is started. That 
is, the measurement of Ti is started at a rising edge of the 
output signal of the variation detection means 229, and 
integral time Tl is measured for a predetermined number 
of times of sing-around. On the other hand, measurement 



of T2 is started at a falling edge of the output signal of 
the variation detection means 229, and integral time T2 is 
measured for the same predetermined number of times of 
sing-around. Then, in the next measurement cycle, the 
measurement of Tl is started at a falling edge of the out- 
put signal of the variation detection means 229, and inte- 
gral time Tl is measured for a predetermined number of 
times of sing-around. On the other hand, measurement of 
T2 is started at a rising edge of the output signal of the 
variation detection means 229, and integral time T2 is 
measured for the same predetermined number of times of 
sing-around. Referring to Figure 16, in the first measure- 
ment cycle, Tl is measured within zones A, B, and C, and 
T2 is measured within zones D, E, and F. After the first 
measurement cycle, the difference in the measured value 
between zones C and F, C-( -F), is left as an error because 
the waveforms of zones C and F are different. In the sec- 
ond measurement cycle, Tl is measured within zones H, I, 
and J which have an opposite waveform, and T2 is mea- 
sured within zones K, L, and M. After the second mea- 
surement cycle also, the difference in the measured value 
between zones J and M is left as an error because the 
waveforms of zones J and M are different. In the second 



measurement cycle, the measurement is performed for an 
ultrasonic wave transmitted from the upstream side within 
zone M, whereas the measurement is performed for an ul- 
trasonic wave transmitted from the downstream side 
within zone 3. Thus, the signs of the measured values are 
inverted. As a result, the difference in the measured value 
between zones J and M, (-J-M), is left as an error. Hence, 
if considering that C=M and F=J, when C-(-F) and (-J-M) 
are added and averaged, a result of the operations is zero. 
That is, the pressure variation is cancelled. It is apparent 
that, when the direction in which an ultrasonic wave is 
transmitted is alternately changed at each measurement, 
the measurement can be started with a constant timing. In 
the above example, the measurement for two measure- 
ment cycles has been described. However, when the 
waveform of the pressure variation is asymmetrical and 
complicated, measurement is repeated while successively 
changing the time when the measurement is started ac- 
cording to the periodicity of a waveform, whereby the 
measured values are averaged, and accordingly, an error 
can be suppressed to a minimum value. 
[0177] Next, a flow of the measurement is described with refer- 
ence to the flowcharts of Figures 17 and 18. In the first 



step, whether or not the signal of the variation detection 
means is at a rising edge is determined. When a rising 
edge is not detected, the determination is repeated until 
the rising edge of the output signal of the variation detec- 
tion means 229 arrives. If a rising edge does not appear 
after a predetermined time period, detection of a rising 
edge is discontinued by detection cancellation means, and 
it is determined that there is no pressure variation. Then, 
measurement of first measurement time Tl and second 
measurement time T2 are performed. When a rising edge 
is detected, the first measurement time Tl is measured. 
Then, whether or not the signal of the variation detection 
means 229 is at a falling edge is determined. When a 
falling edge is detected, measurement of second mea- 
surement time T2 is performed. If a falling edge does not 
appear after a predetermined time period, detection of a 
falling edge is discontinued by detection cancellation 
means, and it is determined that there is no pressure vari- 
ation. Then, measurement of second measurement time 
P2 is performed. From the first measurement time Tl and 
second measurement time T2, the flow rate Q(j) is calcu- 
lated. 

[0178] | n the next measurement cycle, as shown in Figure 18, the 



process is started with falling-edge detection. After the 
falling-edge detection step is performed, the first mea- 
surement time Tl is measured. Thereafter, after the ris- 
ing-edge detection step is performed, the second mea- 
surement time T2 is measured. From the first measure- 
ment time Tl and second measurement time T2, the flow 
rate Q(j + 1) is calculated. The measurement is repeated 
while changing the time at which the measurement is 
started, and the first flow rate Q(j) and second flow rate 
Q(j + 1) are measured and successively averaged, whereby 
the flow rate Q is calculated. Thus, the measure values are 
averaged, whereby an error can be removed in principle. 
[° 179 ] Since a pressure variation in the flow path can be mea- 
sured with the second piezoelectric transducer 225, it is 
necessary to provide a pressure sensor. Thus, the size of 
a flowmeter can be decreased, and the structure of the 
flow path can be simplified. Further, the flow rate can be 
instantaneously measured with a high accuracy in a reli- 
able manner even when a pressure variation occurs. The 
measurement is performed when a change in the pressure 
variation is inverted, whereby the phases of the pressure 
variation and the measurement timing can be shifted. 
Thus, a measurement error caused, due to the pressure 



variation can be offset. Furthermore, at each measure- 
ment, the timing at which the measurement is performed 
is alternately changed between a positive point and a neg- 
ative point, whereby an influence of the pressure variation 
can be offset even when the pressure variation is asym- 
metrical between the high pressure side and the low pres- 
sure side. Furthermore, the measurement is repeated ac- 
cording to the sing-around method, whereby the mea- 
sured values can be averaged within a single measure- 
ment cycle. Therefore, the flow rate measurement can be 
performed in a reliable manner. Furthermore, by the se- 
lection means, at least one of the first and second vibra- 
tion means can be selected and used for pressure detec- 
tion. Thus, both the flow rate measurement and the pres- 
sure measurement can be achieved. A variation is de- 
tected at a point in the vicinity where a pressure variation 
is zero, whereby the frequency of the variation can be 
correctly grasped, and the flow rate can be offset. Even 
when there is no variation, the flow rate can be automati- 
cally measured at a predetermined time. The piezoelectric 
transducers are used together with the variation detection 
means. Therefore, an ultrasonic wave is used for detecting 
a pressure variation while being used for transmission/recep- 



tion. Moreover, it is not necessary to secure a place for in- 
stalling pressure detection means which is exclusively 
used for pressure detection, and the number of parts 
which can cause leakage of fluid can be decreased. 
[0180] it should be noted that, even when the detection of a 

pressure variation which has been described in this em- 
bodiment is performed with pressure detection means 
which is exclusively used for pressure detection, the same 
functional effects can be obtained. The example where the 
second piezoelectric transducers provided on the down- 
stream side is used for pressure detection has been de- 
scribed. However, even when the first piezoelectric trans- 
ducers provided on the upstream side is used for pressure 
detection, the same effects can be obtained. Further, even 
when the first piezoelectric transducers on the upstream 
side and the second piezoelectric transducers on the 
downstream side are alternately used for pressure detec- 
tion as shown in Figure 19, the same effects can be ob- 
tained. Moreover, by alternately using the piezoelectric 
transducers, the operation state of each piezoelectric 
transducer can be checked. That is, when the variation 
detection means detects the same signal frequency from 
both piezoelectric transducers, it can be determined that 



the both piezoelectric transducers are operating normally. 
[° 181 ] In the above-described example, the flowmeter is a gen- 
eral-purpose measuring device. However, when a flowme- 
ter of the present invention is used in a gas meter, the 
flow meter can be provided in a pipeline in which fluctua- 
tion occurs, such as a pipeline system where a gas engine 
heat pump is used. Furthermore, this embodiment has 
been described in conjunction with a pressure variation. 
However, it is apparent that the same effects can be ob- 
tained for a flow rate variation. 
Embodiment 7 

[0182] Figure 20 is a timing chart showing an operation of a 

flowmeter according to embodiment 7 of the present in- 
vention. Embodiment 7 is different from embodiment 6 in 
that the flowmeter of embodiment 7 includes repetition 
means 234 for performing signal transmission/reception 
based on a sing-around method a plurality of times over a 
period which is a multiple of one cycle of a variation fre- 
quency. The structure of the flowmeter of embodiment 7 
is shown in Figure 13. 

[0183] | n an example illustrated in Figure 21, measurement is 
started with an interval of a predetermined time period 
(e.g., 2 seconds). When a predetermined time arrives, the 



frequency of a variation is measured and detected by the 
variation detection means 229. Then, the number of times 
of a sing-around process is set so as to substantially con- 
form with the variation frequency. For example, the time 
spent for a single propagation can be calculated by divid- 
ing the distance between the piezoelectric transducers, 
which transmit/receive an ultrasonic wave, by the velocity 
of sound. A required number of times of the sing-around 
process can be calculated by dividing the measured fre- 
quency by the calculated time spent for a single propaga- 
tion. The measurement of the flow rate is repeated based 
on the number of times of the sing-around process. At 
step 7 in Figure 21, the process 7 of Figure 17 is per- 
formed. 

[0184] | n t his way, the number of times of the sing-around pro- 
cess is changed so as to conform with a variation fre- 
quency, whereby one cycle of the variation frequency can 
be measured. Accordingly, the pressure variation can be 
averaged, and the flow rate can be measured in a reliable 
manner. The measurement is performed while the pres- 
sure synchronization and the number of times of the 
sing-around process conform with a multiple of one cycle 
of the variation frequency, whereby the flow rate mea- 



surement can be performed in a further reliable manner. 
Furthermore, since the pressure synchronization can be 
detected by utilizing a signal of the piezoelectric trans- 
ducers, a synergistic effect can be obtained, i.e., the vari- 
ation frequency can be detected, and the flow rate mea- 
surement can be performed in a reliable manner. 
[0185] | n Figure 20, the measurement for two cycles has been 
described. However, when the propagation distance is 
short, in order to increase the accuracy of the measure- 
ment, it is necessary to perform a sing-around process for 
more than a predetermined number of times. Therefore, 
when the number of times of the sing-around process 
which is obtained from the variation frequency is smaller 
than the predetermined number of times, the number of 
times of the sing-around process is determined so as to 

be a multiple of the variation frequency. 
Embodiment 8 

[0186] Figure 22 is a timing chart showing an operation of a 

flowmeter according to embodiment 8 of the present in- 
vention. Embodiment 8 is different from embodiment 6 in 
that a flowmeter of embodiment 8 includes repetition 
means 234 for performing measurement of a transmitted/re- 
ceived sonic wave such that, when an output of the varia- 



tion detection means 229 makes a predetermined change 
(e.g., when the output falls), measurement of a transmit- 
ted/received sonic wave is started, and sing-around pro- 
cess is repeated until the output of the variation detection 
means makes a predetermined change (e.g., when the 
output falls). The flow meter of embodiment 8 has the 
structure shown in Figure 13. 

[0187] As shown in Figure 23, a rising edge of a variation detec- 
tion signal is detected at the start of the measurement, 
and the sing-around process is started. Then, when the 
variation detection signal rises again, the sing-around 
process is stopped, and a first measurement time Tl is 
measured. Next, a falling edge of the variation detection 
signal is detected at the start of the measurement, and 
the sing-around process is started. Then, when the varia- 
tion detection signal falls again, the sing-around process 
is stopped, and a second measurement time T2 is mea- 
sured. From the measurement times Tl and T2, the flow 
rate is calculated. 

[0188] | n this way, the start and stop of the measurement can be 
conformed with the frequency of the pressure variation, 
and therefore, the measurement can be performed based 
on the variation frequency. Thus, the pressure variation is 



averaged, and the flow rate can be measured in a reliable 

manner. 
Embodiment 9 



[0189] Figure 24 shows a structure of a flowmeter according to 
embodiment 9 of the present invention. Embodiment 9 is 
different from embodiment 6 in that the flowmeter of em- 
bodiment 9 includes: two-bit count means 236 for count- 
ing a variation of an output signal of the variation detec- 
tion means 229; and flow rate detection means 228 where 
measurement is performed such that a count value of the 
count means 236 is different between the first time mea- 
surement and the second time measurement, and the flow 
rate measurement is performed only when all the combi- 
nations of the two bits are achieved for the same number 
of times. The timing chart of the measurement is shown in 
Figure 25. 

[0190] As shown in Figure 25, when a variation is repeated by 
units of two cycles, for. example, measurement of Tl is 
started at a time when an output of the count means is 
(1,0), and an output of the variation detection means is at 
a rising edge. Measurement of T2 is started at a subse- 
quent falling edge of the variation detection means. Such 
measurement can be notionally expressed as 



Q(i)=(A-B+C)-(-B+C-D)=A+D. In the next measurement 
cycle, measurement of Tl is started at a time when an 
output of the count means is (1,1) and at a falling edge of 
the variation detection means. Measurement of T2 is 
started at a subsequent rising edge of the variation detec- 
tion means. Such measurement can be notionally ex- 
pressed as Q(i + 1)=(-B+C-D)-(C-D+A)=-A-B. Subsequent 
measurement can be notionally expressed as: 
Q(i+2)=(C-D+A)-(-D+A-B)=C+B; and 
Q(i + 3)=(-D+A-B)-(A-B+C)=-C-D. Thus, 
Q(i)+Q(i + l)+Q(i+2)+Q(i + 3)=0. That is, a pressure varia- 
tion is cancelled. 
[° 191 ] In the above example, the measurement for four mea- 
surement cycles has been described. However, when the 
waveform of the pressure variation is asymmetrical and 
complicated, measurement is repeated while successively 
changing the time when the measurement is started ac- 
cording to the periodicity of a waveform, whereby the 
measured values are averaged, and accordingly, an error 
can be suppressed to a minimum value. Since the mea- 
surement can be performed at all the variation timings, 
averaging of the measured values is achieved, and the 
flow rate can be measured in a reliable manner. 



Embodiment 10 

[0192] Figure 26 shows a structure of a flowmeter according to 
embodiment 10 of the present invention. Embodiment 10 
is different from embodiment 6 in that the flowmeter of 
embodiment 10 includes: frequency detection means 237 
for detecting the frequency of a signal of the variation de- 
tection means 229; and measurement control means 230 
for starting measurement only when the frequency de- 
tected by the frequency detection means 237 is equal to a 
predetermined frequency. 

[0193] As shown in Figure 27, the measurement is started only 
when the signal of the variation detection means 229 is 
equal to a predetermined frequency Tm. With such an ar- 
rangement, the measurement can be performed at a pre- 
determined variation frequency even when the frequency 
varies. Even with a pressure waveform shown in Figure 25, 
the flow rate can be measured only for a specific pressure 
variation so long as the frequency is detected. Thus, even 
when the frequency of the pressure variation varies, the 
flow rate can be measured within a short space of time in 
a reliable manner. The frequency is detected at a time in- 
terval (e.g., 2 milliseconds), whereby flexibility is given to 
the measurement, so that the measurement can be con- 



tinued without interruption. 
Embodiment 11 

[0194] Figure 28 shows a structure of a flowmeter according to 
embodiment 11 of the present invention. Embodiment 11 
is different from embodiment 6 in that the transmission/re- 
ception means utilizes propagation of heat for detecting a 
change in the state of fluid. Reference numeral 238 de- 
notes a heater for emitting heat, reference numeral 239 
denotes a first temperature sensor for receiving the heat, 
and reference numeral 240 denotes a second temperature 
sensor for receiving the heat. The second temperature 
sensor 240 itself can generate heat and detect a change in 
the state of fluid based on a change in its own resistance 
value. 

[0195] of course, the second temperature sensor is also used as 
heat transmission/reception means, whereby a change in 
the state of fluid, i.e., a variation of the flow velocity, or a 
variation of pressure, can be detected. Furthermore, the 
measurement for one measurement cycle is performed in 
synchronization with the detected variation. Therefore, 
the flow rate measurement can be performed with a high 
accuracy in a reliable manner similarly as described in 
previous embodiments. 



Embodiment 12 

[0196] Figure 29 is a block diagram showing a flowmeter accord- 
ing to embodiment 12 of the present invention. In Figure 
29, reference numeral 323 denotes a first piezoelectric 
transducer, which is first vibration means of transmis- 
sion/reception means that is provided in a flow path 324 
and that performs transmission/reception using an ultra- 
sonic wave as a state change of fluid. Reference numeral 
325 denotes a second piezoelectric transducer, which is 
second vibration means of transmission/reception means 
that performs transmission/reception of an ultrasonic 
wave. Reference numeral 326 denotes a switch (switching 
means) for switching a transmission/reception operation 
of the first piezoelectric transducer and the second piezo- 
electric transducer. Reference numeral 327 denotes time 
measurement means for measuring a propagation time of 
a sonic wave repeatedly transmitted/received between the 
first piezoelectric transducer 323 and the second piezo- 
electric transducer 325. Reference numeral 328 denotes 
flow rate detection means for detecting the flow rate 
based on a value of the time measurement means. Refer- 
ence numeral 329 denotes pressure variation detector 
which functions as variation detection means for detecting 



a pressure variation in the flow path 324. Reference nu- 
meral 330 denotes synchronization pulse output means 
which functions as variation detection means for convert- 
ing a pressure signal of the pressure variation detector 
329 to a digital signal. Reference numeral 331 denotes 
measurement control means for directing measurement 
so as to be in synchronization with a timing of the pres- 
sure variation detected by the variation detected means. 
Reference numeral 332 denotes a transmitter for the 
transmission/reception means of an ultrasonic signal. 
Reference numeral 333 denotes a receiver for the trans- 
mission/reception means of an ultrasonic signal. Refer- 
ence numeral 334 denotes repetition means for repeating 
transmission/reception of an ultrasonic wave. Reference 
numeral 335 denotes measurement monitoring means for 
monitoring abnormality of the measurement control 
means. 

[0197] Next, an operation and function are described with refer- 
ence to Figures 14, 30, and 31. In a flow path having a 
structure shown in Figure 14, propagation time Tl of an 
ultrasonic wave from the first piezoelectric transducer 323 
to the second piezoelectric transducer 325 is Tl = L/ 
(C+Vcos6). Propagation time T2 of an ultrasonic wave 



from the second piezoelectric transducer 325 to the first 
piezoelectric transducer 323 is T2 = L/(C-Vcos6). Herein, 
V denotes a flow velocity in the flow path, C denotes 
acoustic velocity, and 6 denotes an angle of inclination. 
With the difference of inverse numbers of Tl and T2, the 
flow velocity V is obtained from Tl and T2, by changing 
the above expressions, as shown in the following expres- 
sion: 

V=(L/2cos8) • (1/T1-1/T2) 

[0198] if there is a pressure variation in the flow path, the flow 
velocity changes according to the pressure variation. 
Thus, Tl and T2 are expressed as follows: 

Tl=L/(C+Vcose+u • sin(2nft)) 
T2=L/(C-Vcos6-u • sln(2nft+i|;)) 

where f denotes variation frequency of pressure, u de- 
notes variation flow velocity, and Y denotes difference be- 
tween a start time of Tl measurement and a start time of 
T2 measurement (phase difference). The difference be- 
tween the inverse numbers of Tl and T2 is expressed as 
follows: 



1/T1-1/T2 

= ( 2Vcos6+u •■■ ( sin( 2nf t ) +sin ( 2nf t+t|> ).) )/L 



When Y=tt, sin(2TTft+Y)=-sin(2Trft). That is, an influence 
of the variation is cancelled. Thus, 

V-(W2oos8) • (1/T1-1/T2) 

That is, the flow velocity V can be measured when there is 
a variation, and the flow rate can be measured in consid- 
eration of the cross-sectional area of the flow path. Thus, 
when Y=tt, the measurement, control means, which mea- 
sures the flow rate while detecting a pressure variation, 
can measure the flow rate with a high accuracy in a reli- 
able manner without being influenced by a pressure varia- 
tion. In the above example, the measurement based on a 
single transmission/reception operation has been de- 
scribed. However, it is apparent that, also in the case 
where the integrated time is obtained by a method where 
the propagation time is repeatedly measured by the repe- 
tition means 234, flow rate can be similarly obtained. 
[0199] As shown in Figure 30, the measurement control means 
331 outputs a measurement start signal when a predeter- 



mined measurement time arrives (e.g., every two sec- 
onds), and waits for a change in an output signal of the 
synchronization pulse output means whose threshold 
value is a zero-crossing point of a pressure variation. 
Then, when a falling signal of an output signal of the syn- 
chronization pulse output means 330 is output as the first 
output signal, measurement of first measurement time Tl 
is started, and measurement of a propagation time is re- 
peated until a rising signal of the output signal of the 
synchronization pulse output means 330 is output as the 
second output signal. In the next measurement cycle, 
measurement of second measurement time T2 is started 
when a rising signal of the output signal of the synchro- 
nization pulse output means 330 is output as the first 
output signal, and measurement of a propagation time is 
repeated until a falling signal of the output signal of the 
synchronization pulse output means 330 is output as the 
second output signal. Then, the measurement times Tl 
and T2 obtained by the time measurement means 327 is 
converted into the flow rate by the flow rate detection 
means 328, and the flow rate measurement is completed. 
[0200] As shown in Figure 31, the measurement control means 
331 outputs a measurement start signal when a predeter- 



mined measurement time arrives. However, when no 
change occurs in the output signal of the synchronization 
pulse output means 330 after a predetermined time pe- 
riod, the measurement control means 331 automatically 
outputs a measurement start signal, and measurement is 
performed according to a predetermined number of repe- 
tition times (e.g., 256 times). For example, in the case 
where measurement is performed at an interval of 2 sec- 
onds, and a pressure variation occurs within a range from 
10 Hz to 20 Hz, the predetermined period as a waiting 
time can be set within a range from 0.1 second to 2 sec- 
onds. However, in this case, it is preferable to select 1 
second as an optimum value. Furthermore, the predeter- 
mined number of repetition times can be set within a 
range from 2 times to 512 times. However, in this case, it 
is preferable to select an optimum value according to the 
frequency of a pressure variation. 
[0201] Thus, even when no variation occurs in pressure after a 
measurement start signal is output, the measurement is 
started after a predetermined period, whereby the flow 
rate measurement can be surely performed when it is 
necessary to perform the flow rate measurement. For ex- 
ample, in a flowmeter of a gas meter, whether or not there 



is a gas flow is measured when an earthquake occurs. 
Even when the flowmeter is waiting for occurrence of a 
pressure variation when the earthquake occurs, and a 
synchronization pulse output signal cannot be obtained 
due to abnormality in a pressure variation, the flow rate 
measurement can be automatically performed, and there- 
fore, any abnormality can be dealt with. 
[0202] | n t he above example, a variation in a flow has been de- 
scribed as a pressure variation in the flow path. However, 
it is apparent that the same effects can be obtained by us- 
ing flow velocity variation detection means even when 

there is a variation in the flow velocity. 
Embodiment 13 

[0203] Figure 32 is a timing chart showing an operation of a 

flowmeter according to embodiment 13 of the present in- 
vention. Embodiment 13 is different from embodiment 12 
in that the flowmeter of embodiment 13 includes mea- 
surement monitoring means 335 wherein, when a start 
signal is not issued within a predetermined period after a 
direction from the measurement control means 331 is is- 
sued, measurement is not performed until a next direction 
from the measurement control means is issued. The 
structure of the flowmeter of embodiment 13 is shown in 



Figure 29. 

[0204] a s shown in Figure 32, the measurement control means 
331 outputs a measurement start signal when a predeter- 
mined measurement time arrives. However, when no 
change occurs in the output signal of the synchronization 
pulse output means after waiting for such a change for a 
predetermined time period, the measurement monitoring 
means 335 directs the measurement control means 331 
to stop waiting for a change in the synchronization pulse 
signal. The measurement control means 331 waits for a 
next measurement time (e.g., 2 seconds later). Herein, if 
measurement is performed at an interval of 2 seconds, 
and a pressure variation occurs within a range from 10 Hz 
to 20 Hz, the predetermined period as awaiting time can 
be set within a range from 0.1 second to 2 seconds. How- 
ever, in this case, it is preferable to select 1 second as an 
optimum value. 

[0205] As described above, when no change occurs in the pres- 
sure after a measurement, start signal is issued, waiting 
for a change is stopped after a predetermined time period 
has elapsed, and flow rate measurement is not performed, 
whereby a low-accuracy measurement of flow rate can be 
avoided. In Figure 32, a time when the first propagation 



time Tl is measured is shown. However, if a synchroniza- 
tion pulse does not occur when the second propagation 
time T2 is measured, an interval between the time when 
Tl is measured and the time when 12 is measured be- 
comes considerably long, and accordingly, the measure- 
ment accuracy decreases. Such measurement with a de- 
creased accuracy can be avoided. Furthermore, since the 
measurement operation is suspended until a next mea- 
surement direction is issued, unnecessary measurement is 
avoided, and consumed power can be reduced. For exam- 
ple, in a gas meter where a microcomputer for controlling 
a safety function is driven by an electric battery cell, the 
consumed power is reduced, and accordingly, a long life- 
time can be obtained. 
Embodiment 14 

[0206] Figure 33 is a timing chart showing an operation of a 

flowmeter according to embodiment 14 of the present in- 
vention. Embodiment 14 is different from embodiment 12 
in that the flowmeter of embodiment 14 includes mea- 
surement monitoring means 335 wherein, when an end 
signal is not issued within a predetermined period after a 
start signal is issued, reception of a sonic wave is ended, 
and a start signal is output again. The structure of the 



flowmeter of embodiment 14 is shown in Figure 29. 

[0207] a s shown in Figure 33, the measurement control means 
331 outputs a measurement start signal when a predeter- 
mined measurement time arrives, and detects a first out- 
put signal at a falling edge of an output signal of the syn- 
chronization pulse output means so as to start measure- 
ment. Then, when a second output signal (falling edge) of 
the output signal of the synchronization pulse output 
means does not emerge after a predetermined time pe- 
riod, waiting for the synchronization pulse signal is 
ended, and a start signal is output again for measure- 
ment. Herein, if measurement is performed at an interval 
of 2 seconds, and a pressure variation occurs within a 
range from 10 Hz to 20 Hz, the predetermined period as a 
waiting time can be set within a range from 0.1 second to 
2 seconds. However, in this case, it is preferable to select 
1 second as an optimum value. With I second, even if 
measurement is performed again (re-measurement), the 
measurement can be completed before a next measure- 
ment time arrives after 2 seconds. If no second output 
signal emerges in the re-measurement process, the oper- 
ation waits for a next measurement time. 

[0208] As described above, when no change occurs in the pres- 



sure after a measurement is started, waiting for a change 
is ended after a predetermined time period, and flow rate 
measurement is not performed, whereby an incorrect 
measurement of flow rate can be avoided. Furthermore, 
due to re-measurement, lack of certain periodic measure- 
ment data can be prevented, and measurement process- 
ing, such as averaging, can be smoothly performed, 
whereby the accuracy of a measured flow rate value can 
be improved. Furthermore, without a direction concerning 
the end of measurement, the time measurement means 
performs erroneous measurement, and the measurement 
accuracy decreases. Such measurement with a decreased 
accuracy can be avoided. Furthermore, the measurement 
is forcibly ended, whereby the measurement process does 
not stop due to a wait for an end direction. Thus, the pro- 
cess can proceed to a subsequent step. Therefore, a mea- 
surement operation can be achieved in a reliable manner. 
Embodiment 15 

[0209] Figure 34 is a flowchart showing an operation of a 

flowmeter according to embodiment 15 of the present in- 
vention. Embodiment 15 is different from embodiment 12 
in that the flowmeter of embodiment 15 includes mea- 
surement monitoring means 335 wherein, when an end 



signal is not issued within a predetermined period T after 
a start signal is issued, reception of a sonic wave is ended, 
and measured data is abandoned. The structure of the 
flowmeter of embodiment 15 is shown in Figure 29. 
[0210] As shown in Figure 34, after a first output signal is out- 
put, when a second output signal which indicates the end 
of one cycle is not issued after the predetermined time T 
(e.g., 0.5 second) has elapsed, repetition of transmission/re- 
ception of a ultrasonic wave is ended, and previously 
measured data are abandoned. Then, after being sus- 
pended for a predetermined time period, measurement is 
resumed. 

[0211] As described above, when the measurement is not suc- 
cessful, the measured data is abandoned, whereby only 
data measured with a high accuracy can be used, and a 
measurement operation can be performed in a reliable 
manner. Further, it is not necessary to hold measured 
data, and accordingly, the amount of power consumed for 
measurement can be decreased. Furthermore, by moni- 
toring whether or not the predetermined time T is longer 
than a periodical measurement cycle (e.g, 2 seconds), 
measurement can be performed such that measurement 
times do not overlap with each other. Even when a propa- 



gation time of an ultrasonic wave is varied due to a varia- 
tion of temperature, the measurement operation can be 

managed by controlling the same predetermined time T. 
Embodiment 16 

[0212] Figure 35 is a flowchart showing an operation of a 

flowmeter according to embodiment 16 of the present in- 
vention. Embodiment 16 is different from embodiment 12 
in that the flowmeter of embodiment 16 includes mea- 
surement monitoring means 335 wherein, when the num- 
ber of repetition times is equal to or more than a prede- 
termined number of times Nl, reception of a sonic wave is 
ended, and measured data is abandoned. The structure of 
the flowmeter of embodiment 16 is shown in Figure 29. 

[0213] As shown in Figure 35, after a first output signal is out- 
put, if a second output signal which indicates the end of 
one cycle is not issued when transmission/reception of an 
ultrasonic wave is repeated for the predetermined number 
of times Nl (e.g., 512 times) or more, repetition of trans- 
mission/reception of the ultrasonic wave is ended, and 
previously measured data are abandoned. Then, after be- 
ing suspended for a predetermined time period, measure- 
ment is resumed. 

[0214] As described above, when the measurement is not sue- 



cessful, the measured data is abandoned, whereby only 
data measured with a high accuracy can be used, and a 
measurement operation can be performed in a reliable 
manner. Further, it is not necessary to hold measured 
data, and accordingly, the amount of power consumed for 
measurement can be decreased. Furthermore, even when 
a propagation time of an ultrasonic wave is varied due to a 
variation of temperature, the measurement can be per- 
formed independently of the propagation time until the 
limit of the number of repetition times by controlling the 

number of repetition times. 
Embodiment 17 

[0215] Figure 36 is a flowchart showing an operation of a 

flowmeter according to embodiment 17 of the present in- 
vention. Embodiment 17 is different from embodiment 12 
in that the flowmeter of embodiment 17 includes mea- 
surement monitoring means 335 wherein, when the num- 
ber of repetition times is equal to or less than a predeter- 
mined number of times N2, measured data is abandoned, 
and a start signal is output again. The structure of the 
flowmeter of embodiment 17 is shown in Figure 29. 

[0216] As shown in Figure 36, in predetermined measurement 
which is performed based on a variation frequency, when 



the number of repetition times is equal to or less than a 
predetermined number of times N2 (e.g., 100 times), pre- 
viously measured data is abandoned. Then, after being 
suspended for a predetermined time period, the measure- 
ment is resumed. 
[0217] Even when the measurement is correctly performed, if the 
number of repetition times is equal to or less than a pre- 
determined number of times, it is probable that a pres- 
sure variation is not correctly grasped. In such a case, ob- 
tained data is abandoned and measurement is performed 
again, which is possible because the measurement is per- 
formed over more than one cycle. Therefore, a measure- 
ment operation can be performed in a reliable manner. 
Further, it is not necessary to hold measured data, and 
accordingly, the amount of power consumed for measure- 
ment can be decreased. 
Embodiment 18 

[0218] Figure 37 is a flowchart showing an operation of a 

flowmeter according to embodiment 18 of the present in- 
vention. Embodiment 18 is different from embodiment 12 
in that the flowmeter of embodiment 18 includes mea- 
surement monitoring means 335 wherein, when the num- 
ber of repetition times is equal to or less than a predeter- 



mined number of times N2, measured data is abandoned, 
and a start signal is output again. The synchronization 
pulse output means 330 which functions as variation de- 
tection means outputs a second output signal when a sig- 
nal of the synchronization pulse output means 330 
reaches a second cycle and continues the measurement 
until an end signal, indicating the end of the second cycle, 
is issued. The structure of the flowmeter of embodiment 
18 is shown in Figure 29. 

[0219] As shown in Figure 37, in predetermined measurement 
which is performed based on a variation frequency, when 
the number of repetition times is equal to or less than a 
predetermined number of times N2 (e.g., 100 times), pre- 
viously measured data is abandoned. Then, after being 
suspended for a predetermined time period, a second 
output signal is output when a signal of the synchroniza- 
tion pulse output means 330 reaches a second cycle, and 
the measurement is resumed and continued until an end 
signal of the second cycle is issued. 

[0220] Even when the measurement is correctly performed, if the 
number of repetition times is equal to or less than a pre- 
determined number of times, it is probable that a pres- 
sure variation is not correctly grasped. In such a case, ob- 



tained data is abandoned and measurement is performed 
again, which is possible because the measurement is per- 
formed over more than one cycle. Therefore, a measure- 
ment operation can be performed in a reliable manner. 
Further, since re-measurement is performed over two cy- 
cles, the measurement accuracy is improved due to such a 

long-time measurement. 
Embodiment 19 

[0221] Figure 38 is a flowchart showing an operation of a 

flowmeter according to embodiment 19 of the present in- 
vention. Embodiment 19 is different from embodiment 12 
in that the flowmeter of embodiment 19 includes mea- 
surement monitoring means 335 wherein, when the dif- 
ference between the first number of repetition times N3 of 
measurement, where an ultrasonic wave is transmitted 
from the first transmission/reception means among a pair 
of transmission/reception means to the second transmis- 
sion/reception means, and the second number of repeti- 
tion times N4 of measurement where an ultrasonic wave is 
transmitted from the second transmission/reception 
means to the first transmission/reception means, is equal 
to or more than a predetermined number of times, a start 
signal is output again. The structure of the flowmeter of 



embodiment 19 is shown in Figure 29. 

[0222] As shown in Figure 38, in predetermined measurement 
which is performed based on a variation frequency, when 
the difference between the first number of repetition 
times N3 and the second number of repetition times N4 is 
equal to or more than a predetermined number of times M 
(e.g., 10 times), previously measured data is abandoned. 
Then, after being suspended for a predetermined time pe- 
riod, the measurement is resumed. 

[0223] Even when the measurement is correctly performed, if the 

difference between the first number of repetition times N3 

and the second number of repetition times N4 is large, it 

is probable that a pressure variation is not correctly 

grasped, or that the frequency of a pressure variation is 

changed. If so, a result of the measurement is not correct. 

Thus, the obtained data is abandoned, and measurement 

is performed again, whereby a measurement operation 

can be performed in a reliable manner. 
Embodiment 20 

[0224] Figure 39 is a flowchart showing an operation of a 

flowmeter according to embodiment 20 of the present in- 
vention. Embodiment 20 is different from embodiment 12 
in that the flowmeter of embodiment 20 includes repeti- 



tion means 334 for setting the number of repetition times 
such that the first number of repetition times N3 of mea- 
surement, where an ultrasonic wave is transmitted from 
the first transmission/reception means among a pair of 
transmission/reception means to the second transmis- 
sion/reception means, is equal to the second number of 
repetition times N4 of measurement, where an ultrasonic 
wave is transmitted from the second transmission/recep- 
tion means to the first transmission/reception means. The 
structure of the flowmeter of embodiment 20 is shown in 
Figure 29. 

[0225] As shown in Figure 39, in predetermined measurement 
which is performed based on a variation frequency, mea- 
surement is performed for the second number of repeti- 
tion times which is equal to the first number of repetition 
times N3. That is, the second measurement is performed 
for the first number of repetition times N3, whereby the 
measurement can be performed without causing a large 
difference between a true value and a measured value 
even when the frequency of a pressure variation varies 
sharply. 

[0226] Thus, even when the frequency of a pressure variation 

sharply varies, flow rate measurement can be performed. 



For example, in the case of a gas meter, there is a time 
when it is necessary to perform flow rate measurement for 
securing safety. Even when the frequency of a pressure 
variation sharply varies, measurement is performed as de- 
scribed above, whereby it can be quickly determined 
whether or not the measured value is in the vicinity of a 

predetermined flow rate. 
Embodiment 21 

[0227] Figure 40 is a flowchart showing an operation of a 

flowmeter according to embodiment 21 of the present in- 
vention. Embodiment 21 is different from embodiment 12 
in that the flowmeter of embodiment 21 includes mea- 
surement monitoring means 335 for monitoring a mea- 
surement operation such that the number of times that a 
start signal is output again is limited to a predetermined 
number of times C so as not to permanently repeat out- 
putting of the start signal. The structure of the flowmeter 
of embodiment 21 is shown in Figure 29. 

[0228] As shown in Figure 40, when measurement is performed 
again after measurement based on a pressure variation 
has failed, the number of times C for the re-measurement 
is limited (e.g., up to 2 times), whereby outputting of the 
start signal is prevented from being repeated perma- 



nently. As a result, the flow rate measurement can be per- 
formed in a reliable manner. 
Embodiment 22 

[0229] Figure 41 is a block diagram showing a flowmeter accord- 
ing to embodiment 22 of the present invention. Embodi- 
ment 22 is different from embodiment 12 in that, in em- 
bodiment 22, propagation of heat is utilized for detecting 
a change in the state of fluid. Reference numeral 336 de- 
notes a heater for emitting heat. Reference numeral 337 
denotes a temperature sensor for receiving the heat. 

[0230] Even when a temperature sensor which is heat transmis- 
sion/reception means is used, flow rate measurement can 
be continuously performed with a high accuracy similarly 
to the above-described embodiments, because the mea- 
surement monitoring means detects each abnormality and 
perform various processing according to the detected ab- 
normality. 
Embodiment 23 

[0231] Figure 42 is a block diagram showing a flowmeter accord- 
ing to embodiment 23 of the present invention. In Figure 
42, reference numeral 415 denotes ultrasonic wave flow 
rate detection means for detecting an instantaneous flow 



rate; reference numeral 416 denotes fluctuation determi- 
nation means for determining whether or not the flow rate 
value varies in a pulsed manner; reference numeral 417 
denotes stable flow rate calculation means for calculating 
a flow rate value by using different means according to 
the determination result of the fluctuation determination 
means; and reference numeral 418 denotes filter process- 
ing means for performing digital filter processing on a 
flow rate value. 

[0232] Next, an operation and function are described with refer- 
ence to Figures 43 through 45. As shown in Figure 43, in 
the flowmeter of the present invention, when the differ- 
ence between an instantaneous flow rate Q(i) measured by 
the ultrasonic wave flow rate detection means and a pre- 
viously-measured instantaneous flow rate Q(i-l) is equal 
to or greater than a predetermined value (e.g., 1 liter/ 
hour), the fluctuation determination means determines 
that there is a pulse. When there is a pulse, the filter coef- 
ficient for filter processing is changed according to the 
magnitude of the pulse. When there is no pulse, the filter 
processing is not performed, and the instantaneous flow 
rate value is treated as a stable flow rate. Herein, the digi- 
tal filter processing is performed based on the flow shown 



in Figure 3 and is expressed, for example, as the follow- 
ing expression: D(i) = a D(i-a) Q(i), where a denotes the 
filter coefficient, Q(i) denotes i-th instantaneous flow rate, 
and D(i) denotes a stable flow rate to be obtained after the 
filter processing. Such a filter has a characteristic of a 
low-pass filter which is shown in Figure 45. As the filter 
coefficient is closer to 1 (generally, 0.999), the filter al- 
lows only a lower frequency component to pass 
therethrough. Thus, the filter can remove a varying value 
so as not to pass through the filter. When the variation 
amplitude is small, filter coefficient a2 (generally, a2=0.9) 
is selected, and an improved response characteristic to a 
flow rate variation is obtained with such a relaxed filter 
characteristic, so that a flow rate variation can be quickly 
dealt with. Further, when the variation amplitude is large, 
filter coefficient al (generally, a2=0.9999) is selected, and 
a variation in a flow rate value is suppressed with such an 
extreme low pass filter characteristic. 
[0233] Furthermore, a pulse component A(i) can be obtained by 
expression, A(i)=Q(i)-D(i), and A(i) can be used as a varia- 
tion amplitude. 

[0234] Thus, the filter processing is performed when the ampli- 
tude of a pulse is equal to or greater than a predeter- 



mined value, whereby a variation component can be re- 
moved. Accordingly, even when a pulse occurs, stable 
flow rate measurement can be performed with one ultra- 
sonic wave flow rate measurement means. Further, a cal- 
culation equivalent to averaging processing can be per- 
formed by filter processing without using a large number 
of memories for storing data. Moreover, the filter charac- 
teristic can be freely modified by changing one variable, 
i.e., a filter coefficient a. Thus, the filter characteristic can 
be modified according to the magnitude of a pulse. Fur- 
thermore, when a pulse occurs, a sharp filter characteris- 
tic is selected so as to render a large pulse stable, and the 
filter processing can be performed only when a pulse oc- 
curs. Furthermore, the determination is performed based 
on the variation amplitude of a pulse, whereby the filter 
processing can be modified based on the variation ampli- 
tude of a pulse. Furthermore, since the filter characteristic 
is modified based on the variation amplitude, a relaxed 
filter characteristic that allows a quick variation according 
to a variation in a flow rate is selected when the variation 
is small, and when the variation is large, a sharp filter 
characteristic is selected such that a variation of the flow 
rate due to a pulse is significantly suppressed. 



[0235] | n this embodiment, the digital filter processing method 

described is as shown in Figure 44. However, the same ef- 
fects can be obtained by using other filter processing 
method. 

[0236] | n the above-described example, the flowmeter is a gen- 
eral-purpose measuring device. However, when the 
flowmeter of this embodiment is used in a gas meter, the 
flow meter can be provided to a flow-path pipe in which 
fluctuation occurs, such as a pipeline system where a gas 

engine heat pump is used. 
Embodiment 24 

[0237] Figure 46 is a flowchart showing an operation of a 

flowmeter according to embodiment 24 of the present in- 
vention. Embodiment 24 is different from embodiment 23 
in that the flowmeter of embodiment 24 includes pulse 
amplitude detection means for detecting the variation 
amplitude of a pulse based on two flow rate values which 
have been subjected to filter processing while changing 
the filter coefficient a. 

[0238] As shown in Figure 46, the difference between a first flow 
rate value which has been subjected to filter processing 
with a filter coefficient al (e.g., al=0.999) and a second 
flow rate value which has been subjected to filter process- 



ing with a filter coefficient tx2 (e.g., a2=0.9) is greater 
than a predetermined value (e.g., 1 liter/hour), the large 
filter coefficient al is decreased little by little, such that 
the flow rate value after stable flow rate calculation 
quickly becomes stable. Such processing is performed 
when l>al>(x2>0. 
[0239] when a stable flow rate which is subjected to filter pro- 
cessing with a large filter coefficient is used, a response 
characteristic to a flow rate variation is decreased when a 
pulse causes a variation in the flow rate. However, by pro- 
cessing using two filters, even if the flow rate varies 
sharply when fluctuation occurs, such a variation can be 
quickly handled by using a flow rate calculated with a 

smaller flow rate coefficient. 
Embodiment 25 

[0240] Figure 47 is a flowchart showing an operation of a 

flowmeter according to embodiment 25 of the present in- 
vention. Embodiment 25 is different from embodiment 23 
in that filter processing is performed only when a flow 
rate value detected by the instantaneous flow rate detec- 
tion means is low. 

[0241] a s shown in Figure 47, when an instantaneous flow rate 
measured by the ultrasonic wave flow rate measurement 



means is smaller than a predetermined flow rate (e.g., 120 
liter/hour), a stable flow rate can be correctly measured 
by a filter process even when a pulse occurs. Furthermore, 
when the instantaneous flow rate measured by the ultra- 
sonic wave flow rate measurement means is equal to or 
greater than the predetermined flow rate, the ratio of a 
variation amplitude of flow rate measurement due to fluc- 
tuation is small. Thus, flow rate measurement can be per- 
formed correctly without filter processing. Furthermore, 
since the flow rate is small, the filter processing is per- 
formed using a filter coefficient a of a large value (e.g., 
a=0.999). 

[0242] As described above, filter processing is performed only 

when the flow rate is low. Accordingly, a variation of flow 

rate can be quickly handled when the flow rate is high, 

and an influence of fluctuation which may be caused when 

the flow rate is low can be significantly suppressed. 
Embodiment 26 

[0243] Figure 48 is a flowchart showing an operation of a 

flowmeter according to embodiment 26 of the present in- 
vention. Embodiment 26 is different from embodiment 23 
in that the filter processing means modifies a filter char- 
acteristic according to the flow rate value. 



[0244] a s shown in Figure 48, filter coefficient al (e.g., al=0 .9) 
is selected when an instantaneous flow rate measured by 
the ultrasonic wave flow rate measurement means is equal 
to or greater than a predetermined value (e.g., 120 liter/ 
hour), and filter coefficient oc2 (e.g., a2=0.999) is selected 
when the instantaneous flow rate is smaller than the pre- 
determined value. When the flow rate is low, filter coeffi- 
cient a2 is increased, such that a stable flow rate is mainly 
measured. For example, when the flowmeter is used in a 
gas meter, leakage detection, equipment determination, 
and pilot-burner registration are correctly performed. On 
the other hand, when the flow rate is high, filter coeffi- 
cient al is decreased, such that the measurement can be 
quickly modified according to a flow rate variation, 
whereby a response characteristic of an integrated flow 
rate is improved. 

[0245] As described above, the filter characteristic is modified 
according to the flow rate value. Filter processing is per- 
formed when the flow rate is low, and when the flow rate 
is high, a flow rate variation can be quickly handled. Be- 
sides, when the flow rate is low, an influence of fluctua- 
tion can be considerably suppressed. As a result, when 
the flow rate is high, a response characteristic is in- 



creased, and when the flow rate is low, fluctuation can be 

suppressed. 
Embodiment 27 

[0246] Figure 49 is a flowchart showing an operation of a 

flowmeter according to embodiment 27 of the present in- 
vention. Embodiment 27 is different from embodiment 23 
in that the filter processing means modifies a filter char- 
acteristic at an interval of a flow rate measurement time of 
the ultrasonic wave flow rate measurement means. 

[0247] a s shown in Figure 49, when the time period for which the 
flow rate is measured by the ultrasonic wave flow rate 
measurement means is long (e.g., 12 seconds), a small 
value is used as filter coefficient txl (e.g., al=0.9) for fil- 
ter processing. When the time period for which the flow 
rate is measured by the ultrasonic wave flow rate mea- 
surement means is short, a large value is used as filter 
coefficient a2 (e.g., a2=0.999) for filter processing. 

[0248] The filter characteristic is modified according to the 

length of the time period for flow rate detection. When the 
measurement period is short, a relaxed filter characteristic 
is used, and when the measurement period is long, a 
sharp filter characteristic is used, whereby a variation in 
the filter characteristic can be suppressed. 



Embodiment 28 

[0249] Figure 50 is a flowchart showing an operation of a 

flowmeter according to embodiment 28 of the present in- 
vention. Embodiment 28 is different from embodiment 23 
in that the filter characteristic is modified such that a vari- 
ation amplitude of a flow rate value calculated by the sta- 
ble flow rate calculation means is within a predetermined 
range. 

[0250] As shown in Figure 50, when a variation value of the flow 
rate which is obtained by stable flow rate calculation pro- 
cessing after the filter processing is equal to or greater 
than a predetermined value (e.g., 1 liter/hour), the filter 
coefficient a is increased so as to control the measure- 
ment such that the flow rate variation is suppressed. 
When the variation value of the flow rate is smaller than 
the predetermined value, the filter coefficient a is de- 
creased, and the filter processing is performed under a 
state where a flow rate variation can be dealt with. 

[0251] The filter characteristic is appropriately modified such that 
a variation value obtained after the stable flow rate calcu- 
lation means is within a predetermined range, whereby 
the flow rate variation can always be suppressed to be 
equal to or smaller than a predetermined value. 



[0252] The increased amount of the filter coefficient is changed 
according to the variation value of the flow rate. When the 
variation amplitude is large, the increased amount of the 
filter coefficient is increased. When the variation ampli- 
tude is small, the increased amount of the filter coefficient 
is decreased. With such an arrangement, a variation in the 

flow rate can be smoothly suppressed. 
Embodiment 29 

[0253] Figure 51 is a block diagram showing a flowmeter accord- 
ing to embodiment 29 of the present invention. Embodi- 
ment 29 is different from embodiment 23 in that, in em- 
bodiment 29, heat-based flow rate detection means 419 
is used in place of the instantaneous flow rate detection 
means. 

[0254] As shown in Figure 51, even when the heat-based flow 

rate detection means 419 is used, a measured flow rate 

varies due to a pressure variation if it is present. However, 

the same effects can be obtained by using the methods 

described in embodiments 23-28, and the flow rate can 

be measured with a high accuracy in a reliable manner. 
Embodiment 30 

[0255] Figure 52 is a block diagram showing a flowmeter accord- 



ing to embodiment 30 of the present invention. 
[0256] The flowmeter of embodiment 30 includes: a flow rate 
measurement section 500 through which a fluid to be 
measured flows; a pair of ultrasonic wave transducers 501 
and 502 which are provided in the flow rate measurement 
section 500 and which transmit/receive an ultrasonic 
wave; a driver circuit 503 for driving the ultrasonic wave 
transducer 502; a reception detecting circuit 504 which is 
connected to the ultrasonic wave transducer 501 and 
which detects an ultrasonic wave signal; a timer 505 for 
measuring a propagation time of an ultrasonic wave sig- 
nal; a control section 507 for controlling the driver circuit 
503; a calculation section 506 for calculating the flow rate 
from an output of the timer; and periodicity change 
means 508 for sequentially changing a driving method of 
the driver circuit 503. Embodiment 30 is different from 
the conventional examples in that the flowmeter of em- 
bodiment 30 includes the periodicity change means 508. 
The details of the periodicity change means 508 are 
shown in Figure 53. Reference numeral 510 denotes a first 
oscillator, which herein generates an oscillation signal of 
500 kHz. Reference numeral 511 denotes a second oscil- 
lator which generates an oscillation signal of 520 kHz. 



Reference numeral 512 denotes a switching device which 
selects either an output of the first oscillator 510 or an 
output of the second oscillator 511 based on an output of 
the control section 507 so as to output the selected out- 
put to the driver circuit 503. 
[0257] First, the control section 507 outputs a switching signal to 
the switching device 512 to select the first oscillator 510. 
Then, the timer 505 starts time measurement, and at the 
same time, the control section 507 outputs a transmission 
start signal to the driver circuit 503. Receiving the trans- 
mission start signal, the driver circuit 503 drives the ul- 
trasonic wave transducer 502 with the oscillation signal of 
500 kHz which is an input from the switching device 512. 
The operations performed thereafter are the same as 
those of the conventional examples. Next, the control 
section 507 outputs a switching signal to the switching 
device 512 to select the second oscillator 511. Then, sim- 
ilarly to the previous flow rate measurement, time mea- 
surement of the timer 505 is started, and at the same 
time, the control section 507 outputs a transmission start 
signal to the driver circuit 503. Receiving the transmission 
start signal, the driver circuit 503 drives the ultrasonic 
wave transducer 501 with the oscillation signal of 520 



kHz which is an input from the switching device 512. 

[0258] Thereafter, the above operations are alternately continued 
so as to measure the flow rate. A reception detecting tim- 
ing in such measurement is shown in Figure 54. As shown 
in this drawing, times when the 500 kHz signal and the 
520 kHz signal are received are temporally shifted. Re- 
ception detecting timings for the signals temporally shift 
as shown in curves (A) and (B) of Figure 54. Thus, in this 
embodiment, the control section controls the periodicity 
change means such that the measurement frequency in 
the flow rate measurement is successively changed so as 
not to be kept constant. As a result, noise which is in syn- 
chronization with a measurement frequency or a trans- 
mission frequency of an ultrasonic wave is never in the 
same phase but dispersed when the ultrasonic wave is re- 
ceived. Therefore, a measurement error can be decreased. 

[0259] The periodicity change means is structured so as to 

switchingly output a plurality of output signals having dif- 
ferent frequencies, and the control section operates such 
that the setting of frequency in the periodicity change 
means is changed for each measurement, and the driving 
frequency of the driver circuit is changed. Therefore, by 
changing the driving frequency, the reception detecting 



timing can be changed by a time corresponding to a peri- 
odic variation of a driving signal. Thus, noise which is in 
synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 
creased. 

[0260] | n embodiment 30, the driving frequency is changed by 
switching two oscillators. However, the same effects can 
be obtained so long as an ultrasonic wave transducer is 
driven while changing the driving frequency. The present 
invention can be achieved regardless of the number of os- 
cillators, the driving frequency, and the structure of the 

switching device. 
Embodiment 31 

[0261] Figure 55 is a block diagram showing a flowmeter accord- 
ing to embodiment 31 of the present invention. 

[0262] The flowmeter of embodiment 30 includes: a flow rate 
measurement section 500 through which a fluid to be 
measured flows; a pair of ultrasonic wave transducers 501 
and 502 which are provided in the flow rate measurement 
section 500 and which transmit/receive an ultrasonic 
wave; a driver circuit 503 for driving one of the ultrasonic 



wave transducers; a reception detecting circuit 504 which 
is connected to the other ultrasonic wave transducer and 
which detects an ultrasonic wave; a control section 507 
for controlling the driver circuit 503 for a predetermined 
number of times such that the driver circuit 503 again 
drives the ultrasonic wave transducers in response to an 
output of the reception detecting circuit 504; a timer 505 
for measuring an elapsed time for a predetermined num- 
ber of times; a calculation section 506 for calculating the 
flow rate from an output of the timer 505; and periodicity 
change means 508 for sequentially changing a driving 
method of the driver circuit 503. 

[0263] Figure 56 is a block diagram showing the details of the 
periodicity change means. 

[0264] Reference numeral 513 denotes a first delay, which gen- 
erates an output signal 150 us after receiving an input 
signal from the control section 507. Reference numeral 
514 denotes a second delay, which generates an output 
signal 150.5 us after receiving an input signal from the 
control section 507. Reference numeral 515 denotes a 
third delay, which generates an output signal 151 us after 
receiving an input signal from the control section 507. 
Reference numeral 516 denotes a fourth delay, which 



generates an output signal 151.5 us after receiving an in- 
put signal from the control section 507. Reference nu- 
meral 517 denotes a switching device which selects one of 
first to fourth delay outputs according to an output of the 
control section 507 and outputs the selected output to the 
driver circuit 503. 

[0265] Embodiment 31 is different from embodiment 1 in that 
the control section 507 receives an output of the recep- 
tion detecting circuit 504 and drives the ultrasonic wave 
transducers again, and that this operation is repeated for 
a number of times which is a multiple of 4 (4 is the delay 
set number), and during the repetition, the delay times of 
the periodicity change means 508 are sequentially 
switched every time an ultrasonic wave is received. 

[0266] | n this structure, the control section 507 changes the set- 
ting of the delay every time reception of an ultrasonic 
wave is detected. Thus, in one measurement operation, 
reverberation of an ultrasonic wave transmitted in an im- 
mediately-previous measurement and an influence of tail- 
ing of the ultrasonic wave transducers can be dispersed/ 
averaged, whereby a measurement error can be de- 
creased. 

[0267] The cycle width which is changed by the periodicity 



change means has a value which is an equational division 
of the ultrasonic transducer (500 kHz). Thus, in an aver- 
aged value of the sum of values for all the settings, an er- 
ror which may be caused due to reverberation of an ultra- 
sonic wave and tailing of an ultrasonic wave sensor (i.e., 
noise having a cycle of 2 us) can be minimized. 

[0268] Furthermore, the number of times that measurement is 
repeated is a multiple of 4 (4 is a change number of the 
periodicity change means). Thus, within a single flow rate 
measurement cycle, measurement with each of the prede- 
termined values of the periodicity change means is per- 
formed the same number of times. As a result, a variation 
of the measurement result is suppressed, and accordingly, 
a reliable measurement result can be obtained. 

[0269] Furthermore, the order of patterns for changing the peri- 
odicity is the same for both measurement with an ultra- 
sonic wave transmitted toward the upstream side and 
measurement with an ultrasonic wave transmitted toward 
the downstream side. Specifically, in the measurement 
with an ultrasonic wave transmitted from upstream to 
downstream, the first delay, second delay, third delay, and 
fourth delay are selected in this order, and then, the first 
delay is selected again; this cycle is repeated. The mea- 



surement with an ultrasonic wave transmitted from down- 
stream to upstream is performed such that the delays are 
necessarily selected in the same order. With such an ar- 
rangement, the flow rate measurement with an ultrasonic 
wave transmitted toward the upstream side and the flow 
rate measurement with an ultrasonic wave transmitted to- 
ward the downstream side are always performed under 
the same conditions. Especially, even when there is a vari- 
ation in the flow rate, a reliable measurement result can 
be obtained. 

[0270] | n embodiment 31, the delay time is changed by switching 
the four delays. The same effects can also be obtained so 
long as the ultrasonic wave transducers can be driven by 
changing the driving timing. The present invention can be 
achieved regardless of the delay time, the number of de- 
lays, and the structure of the switching device. 

[0271] | n the above example, the delay times are inserted be- 
tween the control section 507 and the driver circuit 503. 
However, the same effects can also be obtained when the 
delay times are inserted between the reception detecting 
circuit 504 and the control section 507. 

[0272] in the above example, the width by which the delay is 
changed is 2 us the set number to be changed is 4, and 



the difference between the adjacent settings is 0.5 us, 
which is a quarter of 2 us. The present invention is not 
limited to these values. Each of these values may be a 
value obtained by uniformly dividing a multiple of one cy- 
cle. 

Embodiment 32 

[0273] Figure 57A is a block diagram showing the periodicity 

change means of the flowmeter according to embodiment 
32 of the present invention. 

[0274] Reference numeral 518 denotes an oscillator, and 519 de- 
notes a phase converter. The oscillator outputs a signal at 
a frequency of 500 kHz. The phase converter hastens or 
delays the phase of a signal of the oscillator according to 
a phase conversion signal from the control section 507, 
and outputs the signal with hastened or delayed phase. 
For example, when a phase control signal is Hi (high), the 
phase converter outputs an output of the oscillator 518 as 
it is. When a phase control signal is Lo (low), the phase 
converter hastens the output signal of the oscillator 518 
by 180° and outputs the hastened signal. The reception 
signals and reception detecting timings in these opera- 
tions are shown in Figure 57B. 

[0275] As shown in this drawing, reception points are shifted by 



a 1/2 cycle. That is, the shift time is 1 pis. 

[0276] | n this way, the reception detecting timing can be changed 
by a time period which is obtained by converting a phase 
variation of a driving signal into time by driving phase 
conversion. Thus, noise which is in synchronization with a 
measurement frequency or a transmission frequency of an 
ultrasonic wave is never in the same phase but dispersed 
when the ultrasonic wave is received. Therefore, a mea- 
surement error can be decreased. 

[0277] | n embodiment 32, the phase of a driving signal is 

changed by switching between two phases. However, the 

same effects can be obtained so long as the ultrasonic 

wave transducers can be driven by changing the driving 

phase. The present invention can be achieved regardless 

of the phase to be changed and the structure of the 

switching device. 
Embodiment 33 

[0278] Figure 58 is a block diagram showing the periodicity 

change means of the flowmeter according to embodiment 
33. 

[0279] Reference numeral 520 denotes a first oscillator which 

outputs an oscillation signal of 500 kHz, which is a reso- 
nance frequency of an ultrasonic wave transducer. Refer- 



ence numeral 521 denotes a second oscillator which out- 
puts an oscillation signal of 200 kHz. Reference numeral 
522 denotes an ON/OFF circuit which determines whether 
or not an output of the second oscillator is output to a 
waveform adding section 523 according to an ON/OFF 
switching signal from the control section 507. The wave- 
form adding section 523 synthesizes input waveforms to 
output the synthesized waveform to the driver circuit 503. 
[0280] when the ultrasonic wave transducer is driven at a fre- 
quency of about 500 kHz, an ultrasonic wave signal hav- 
ing a large amplitude can be received. When the ultrasonic 
wave transducer is driven with only a signal component of 
200 kHz, an ultrasonic wave signal can rarely be received. 
However, an oscillation signal of about 200 kHz is some- 
times added or sometimes not added to an oscillation fre- 
quency of about 500 kHz. Such an irregular operation can 
cause a slight change in the frequency of an ultrasonic 
wave signal to be received. As a result, the reception de- 
tecting timing can be changed. Thus, noise which is in 
synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 



creased. 
Embodiment 34 

[0281] Figure 59 is a block diagram showing the periodicity 

change means of the flowmeter according to embodiment 
34. 

[0282] Reference numeral 520 denotes a first oscillator which 

outputs an oscillation signal of 500 kHz, which is a reso- 
nance frequency of an ultrasonic wave transducer. Refer- 
ence numeral 521 denotes a second oscillator which out- 
puts an oscillation signal of 200 kHz. Reference numeral 
524 denotes a phase conversion section which converts 
the phase of an output, signal of the second oscillator 521 
by 180° according to an output of the control section 507, 
and outputs the signal with the converted phase. Refer- 
ence numeral 523 denotes a waveform adding section for 
synthesizing input waveforms and outputting the synthe- 
sized waveform to the driver circuit 503. 

[0283] when the ultrasonic wave transducer is driven at a fre- 
quency of about 500 kHz, an ultrasonic wave signal hav- 
ing a large amplitude can be received. When the ultrasonic 
wave transducer is driven with only a signal component of 
200 kHz, an ultrasonic wave signal can rarely be received. 
However, the frequency of an ultrasonic wave signal, 



which is received by the ultrasonic wave transducer driven 
based on an addition signal that is obtained by adding the 
phase of an oscillation signal of about 200 kHz which is 
changed by 180° in each measurement to an oscillation 
frequency of about 500 kHz, slightly changes. As a result, 
the reception detecting timing can be changed. Thus, 
noise which is in synchronization with a measurement fre- 
quency or a transmission frequency of an ultrasonic wave 
is never in the same phase but dispersed when the ultra- 
sonic wave is received. Therefore, a measurement error 

can be decreased. 
Embodiment 35 

[0284] Figure 60 is a block diagram showing the periodicity 

change means of the flowmeter according to embodiment 
35. 

[0285] Reference numeral 525 denotes a first oscillator which 

outputs an oscillation signal of 500 kHz, which is a reso- 
nance frequency of an ultrasonic wave transducer. Refer- 
ence numeral 526 denotes a second oscillator which out- 
puts an oscillation signal of 200 kHz. Reference numeral 
527 denotes a frequency conversion section which con- 
verts the frequency of a signal input into the frequency 
converter, and outputs the signal with the converted fre- 



quency. Herein, the frequency conversion section 527 
converts the frequency of the input signal to a 1/2, i.e., 
100 kHz. Reference numeral 523 denotes a waveform 
adding section for synthesizing input waveforms and out- 
putting the synthesized waveform to the driver circuit 
503. 

[0286] when the ultrasonic wave transducer is driven at a fre- 
quency of about 500 kHz, an ultrasonic wave signal hav- 
ing a large amplitude can be received. When the ultrasonic 
wave transducer is driven with only a signal component of 
200 kHz or 100 kHz, an ultrasonic wave signal can rarely 
be received. However, the frequency of a received ultra- 
sonic wave signal, which is received by the ultrasonic wave 
transducer driven based on an addition signal that is ob- 
tained by adding about 200 kHz to an oscillation fre- 
quency of about 500 kHz and an addition signal that is 
obtained by adding 100 kHz to an oscillation frequency of 
500 kHz, slightly changes. As a result, the reception de- 
tecting timing can be changed. Thus, noise which is in 
synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 



creased. 
Embodiment 36 

[0287] Figure 61 is a block diagram showing a flowmeter accord- 
ing to embodiment 36 of the present invention. 

[0288] The flowmeter of embodiment 36 includes: a flow rate 
measurement section 500 through which a fluid to be 
measured flows; a pair of ultrasonic wave transducers 501 
and 502 which are provided in the flow rate measurement 
section 500 and which transmit/receive an ultrasonic 
wave; a driver circuit 503 for driving the ultrasonic wave 
transducer 502; a reception detecting circuit 504 which is 
connected to the ultrasonic wave transducer 501 and 
which detects an ultrasonic wave signal; a first timer 527 
for measuring a propagation time of an ultrasonic wave 
signal; a second timer 528 for measuring a time period 
from when the reception detecting circuit 504 receives a 
signal to when a value of the first timer 527 is changed; a 
control section 530 for controlling the driver circuit 503; a 
calculation section 506 for calculating the flow rate from 
outputs of the first timer 527 and the second timer 528; a 
switching circuit 509 for switching connections between 
the ultrasonic wave transducers 501 and 502 and the 
driver circuit 503 and the reception detecting circuit 504; 



a temperature sensor 531 for measuring the temperature 
of the flowmeter and outputting the measured tempera- 
ture to the control section 530; and a voltage sensor 532 
for measuring the voltage of a power supply which powers 
the flowmeter. 

[0289] The control section 530 outputs a measurement start sig- 
nal to the driving circuit 503 and, simultaneously, starts 
the time measurement of the first timer 527. The driving 
circuit 503 drives the ultrasonic wave transducer 502 in 
response to a signal input so as to emit an ultrasonic 
wave. The emitted ultrasonic wave propagates in fluid and 
is received by the ultrasonic wave transducer 501. The re- 
ception detecting circuit 504 outputs the received ultra- 
sonic wave signal to the first timer 527 and the second 
timer 528. The first timer 527 receives an input signal 
from the reception detecting circuit 504 to stop the time 
measurement. The second timer 528 receives an output of 
the reception detecting circuit 504 to start time measure- 
ment, and then stops the time measurement in synchro- 
nization with a count-up timing output from the first 
timer 527. The calculation section 506 receives time mea- 
surement results of the first timer 527 and the second 
timer 528 and calculates the flow rate. 



[0290] Figure 62 shows operation timings of the first timer 527 
and the second timer 528. As shown in Figure 62, since 
the first timer 527 changes its state at a rising edge of a 
clock, an extra measurement corresponding to portion A 
is performed. Since the measurement resolution of the 
first timer 527 is an interval B in Figure 62, portion A 
which is counted as a measurement error is generated in 
each measurement. The extra portion A is measured by 
the second timer 528 and subtracted in the calculation 
section 506, whereby a propagation time of an ultrasonic 
wave with high resolution is obtained, and a correct flow 
rate value is obtained. 

[0291] Furthermore, the control section 530 starts the first timer 
527 and, simultaneously, outputs a start signal to the 
second timer 528 so as to start the second timer 528. At a 
time when the first timer 527 counts up, an output signal, 
which is in synchronization with the count-up timing, is 
output from the first timer 527 to the second timer 528 
so as to stop the second timer 528. At this time, the value 
of the second timer 528 is equal to a time measured 
within one clock time of the first timer 527. This time is 
processed in the calculation section 506, a time corre- 
sponding to one clock of the second timer 528 is ob- 



tained, and the time corresponding to the one clock of the 
second timer 528, which is used in calculation, is cor- 
rected. 

[0292] This operation is performed when an output of the tem- 
perature sensor 531 or the power supply voltage sensor 
532 varies so as to reach or exceed a set value. With such 
an arrangement, the second timer 528 does not need to 
possess stability to the temperature and power supply 
voltage. As a result, inexpensive parts can be used. Fur- 
thermore, it is not necessary to busily make corrections, 
and the amount of consumed power can be suppressed to 
a low level. 

[0293] since the flow rate calculation is performed using a value 
obtained by subtracting a value of the second timer 528 
from a value of the first timer 527, the time measurement 
resolution is equal to that of the second timer 528. Fur- 
ther, since the operation time of the second timer 528 is 
very short, the amount of consumed power can be de- 
creased. Thus, a flowmeter with high resolution which 
consumes a small amount of power can be realized. Fur- 
thermore, a correct flow rate measurement can be 
achieved so long as the second timer 528 operates in a 
stable manner after the correction is made until flow rate 



measurement is performed. Therefore, a correct measure- 
ment can be performed even when the second timer 528 
lacks long-term stability. Thus, a flowmeter with a high 
accuracy can be realized with ordinarily-employed parts. 

[0294] Furthermore, the temperature sensor 531 is provided. 

When an output of the temperature sensor 531 varies so 
as to reach or exceed a set value, the second timer 528 is 
corrected by the first timer 527. Thus, even when the sec- 
ond timer 528 has a characteristic which varies according 
to a variation in the temperature, the second timer 528 is 
corrected every time a temperature variation occurs, 
whereby correct measurement can be performed. Further- 
more, such a correction is made only when it is necessary, 
the amount of consumed power can be decreased. 

[0295] Furthermore, the voltage sensor 532 is provided. When an 
output of the voltage sensor 532 varies so as to reach or 
exceed a set value, the second timer 528 is corrected by 
the first timer 527. Thus, even when the second timer 528 
has a characteristic which varies according to a variation 
in the power supply voltage, the second timer 528 is cor- 
rected every time a variation occurs in power supply volt- 
age, whereby correct measurement can be performed. 
Furthermore, such a correction is made only when it is 



necessary, the amount of consumed power can be de- 
creased. 

[0296] Furthermore, since such a correction is made, a crystal 
oscillator is used in a clock of the first timer 527, and a 
CR oscillation circuit is used in a clock of the second timer 
528. A clock using a crystal oscillator operates in a very 
stable manner. However, in such a clock, a long time is 
consumed from when an operation is started to when the 
operation becomes stable. Further, although a long-term 
stability cannot be secured with a CR oscillation circuit, a 
timer whose operation quickly becomes stable and which 
quickly operates in a non-synchronous mode can be 
readily realized with the CR oscillation circuit. A crystal 
oscillator is used in a clock of the first timer 527, and a 
CR oscillation circuit is used in a clock of the second timer 
528, whereby a stable timer with high resolution can be 
readily realized. 

[0297] | n Figure 62 of embodiment 36, the second timer stops at 
a time when a clock of the first timer falls after the second 
timer starts to operate. However, the present invention is 
not limited to this timing because a correct time can be 
obtained by a calculation to be performed later so long as 
the timing is in synchronization with the first timer. 



Embodiment 37 

[0298] Figure 63 is a block diagram showing a flowmeter accord- 
ing to embodiment 37 of the present invention. 

[0299] The flowmeter of embodiment 37 includes: a flow rate 

measurement section 500; a pair of ultrasonic wave trans- 
ducers 501 and 502 which are provided in the flow rate 
measurement section 500 and which transmit/receive an 
ultrasonic wave; a driver circuit 503 for driving the ultra- 
sonic wave transducer 502; a reception detecting circuit 
504 which is connected to the ultrasonic wave transducer 
501 and which detects a received ultrasonic wave signal; a 
control section 507 for controlling the driver circuit 503 a 
predetermined number of times such that the driver cir- 
cuit 503 again drives the ultrasonic wave transducer 502 
in response to an output of the reception detecting circuit 
504; a timer 505 for measuring an elapsed time, a prede- 
termined number of times; a calculation section 506 for 
calculating the flow rate from an output of the timer 505; 
and a delay section 533 which is frequency stabilizing 
means for sequentially changing a driving method of the 
driver circuit 503. 

[0300] The control section 507 outputs a measurement start sig- 
nal to the delay section 533 and, simultaneously, starts 



time measurement of the timer 505. The delay section 
533 outputs a signal to the driver circuit 503 after a delay 
time which is set based on a setting signal from the con- 
trol section. In response to the signal input, the driver cir- 
cuit 503 drives the ultrasonic wave transducer 502 to emit 
an ultrasonic wave. The emitted ultrasonic wave propa- 
gates in fluid and is received by the ultrasonic wave trans- 
ducer 501. The reception detecting circuit 504 outputs 
the received ultrasonic wave signal to the delay section 
533, such that the driver circuit operates in a similar 
manner to that in a previous cycle and transmit an ultra- 
sonic wave signal again. The control section 507, which 
has received an output signal from the reception detecting 
circuit 504, counts such repetitious operation, and when 
the count reaches a predetermined number of times, the 
control section 507 stops the timer 505. The calculation 
section 506 receives a time measurement result of the 
timer 505 and calculates the flow rate. 
[0301] The control section 507 receives a value of the timer 505 
and sets the delay time of the delay section 533 so as to 
always be constant. In this way, the control section 507 
controls the measurement such that the measurement 
frequency is always constant. With such a structure, the 



measurement frequency is always constant even when a 
variation occurs in the propagation time. As a result, noise 
which is in synchronization with a measurement frequency 
or a transmission frequency of an ultrasonic wave is al- 
ways in the same phase when the ultrasonic wave is re- 
ceived regardless of a variation in the propagation time. 
Therefore, a measurement error can be maintained as a 
constant value. Accordingly, the flow rate measurement 
can be stabilized even when the noise has a very long pe- 
riodic noise. 

[0302] The control section 507 controls the delay section 533 so 
as to maintain the measurement time to be constant. 
Therefore, the measurement frequency can be maintained 
to be constant with a simple calculation without calculat- 
ing a propagation time for each ultrasonic wave transmis- 
sion. 

[0303] | n embodiment 37, the measurement frequency is main- 
tained to be constant by changing the delay time. How- 
ever, the same effects can be obtained so long as the 
measurement frequency is constant. Specifically, the same 
effects can be obtained by using a different method, e.g., 
by changing the distance between the ultrasonic wave 
transducers. 



[0304] since a propagation time of an ultrasonic wave from up- 
stream to downstream is different from a propagation 
time of an ultrasonic wave from downstream to upstream 
when there is a flow, a different delay can be set for stabi- 
lizing the measurement frequency. 

[0305] Furthermore, when a flow rate is large, and an error 

caused by periodic noise is negligible, an operation of the 
periodicity stabilizing means is stopped, whereby the 
amount of consumed electric power can be reduced. 

[0306] Furthermore, at an initial stage of measurement, the flow 
rate is measured while changing the setting of the mea- 
surement frequency stabilizing means, whereby a mea- 
surement frequency with which a smallest variation is 
caused in a measurement result by a measurement fre- 
quency variation is set as a target measurement fre- 
quency. With such an arrangement, a further stable mea- 
surement result can be obtained. 
Industrial Applicability 

[0307] a s described above, according to a flowmeter of the 

present invention, the following effect can be obtained. 

[0308] | n order to solve the above problems, a flowmeter of the 
present invention includes: transmission/reception means 
provided in a flow path for performing transmission/recep- 



tion using a state change of fluid; repetition means for re- 
peating the transmission/reception; time measurement 
means for measuring a time or propagation repeated by 
the repetition means; flow rate detection means for de- 
tecting a flow rate based on a value of the time measure- 
ment means; and number-of-times change means for 
changing to a predetermined number of repetition times. 
The number of repetition times is changed to an optimum 
number such that an influence of a variation of a flow can 
be suppressed. As a result, reliable flow rate measure- 
ment with a high accuracy can be achieved. 
[0309] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Thus, by using the sonic wave 
transmission/reception means, propagation of a sonic 
wave can be performed even when a state change occurs 
in the fluid. Moreover, by changing the number of repeti- 
tion times to an optimum number for the variation, reli- 
able flow rate measurement with a high accuracy can be 
achieved. 

[0310] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Thus, by using the heat transmission/reception 



means, propagation of heat can be performed even when 
a state change occurs in the fluid. Moreover, by changing 
the number of repetition times to an optimum number for 
the variation, reliable flow rate measurement with a high 
accuracy can be achieved. 

[0311] The flowmeter includes: elapsed time detection means for 
detecting halfway information for a propagation time 
which is repeatedly measured by the repetition means; 
frequency detection means for detecting a frequency of a 
flow rate variation from information of the elapsed time 
detection means; and number-of-times change means for 
setting a measurement time so as to be substantially a 
multiple of the frequency detected by the frequency de- 
tection means. Thus, it is not necessary to provide specific 
detection means. Before flow rate detection is performed, 
the frequency of a variation is detected froth halfway in- 
formation of the time measurement means, and the mea- 
surement time can be set so as to be a multiple of a cycle 
of the frequency. As a result, reliable flow rate measure- 
ment with a high accuracy can be achieved. 

[0312] The flowmeter includes: data holding means for holding at 
least one or more propagation time of repeatedly-per- 
formed transmission/reception which is obtained by the 



elapsed time detection means; and frequency detection 
means for detecting a frequency by comparing the data 
held by the data holding means and measured propaga- 
tion time data. Time measurement information at each 
moment is held and compared by the data holding means, 
whereby the frequency can be detected. 

[0313] The number-of-times change means is operated in pre- 
determined processing. Since the number-of-times 
change means is operated only when predetermined pro- 
cessing is performed, the processing in the number- 
of-times change means can be limited to the required 
minimum. Thus, the amount of consumed power can be 
considerably reduced. 

[0314] The number-of-times change means is operated at each 
predetermined flow rate measurement. Thus, the number 
of repetition times is changed at every predetermined flow 
rate measurement, whereby the flow rate can be mea- 
sured with a high accuracy in a stable manner even in a 
flow that varies greatly. 

[0315] The number-of-times change means is performed before 
flow rate measurement processing. Since the number of 
repetition times is set to a predetermined number of 
times before flow rate measurement is performed, the 



flow rate measurement can be performed with a high ac- 
curacy in a reliable manner. 
[0316] Predetermined processing includes operations of abnor- 
mality determination means for determining abnormality 
in flow rate from the measured flow rate; and flow rate 
management means for managing a use state for a flow 
rate from a measured flow rate. Since the number of repe- 
tition times is changed only when the abnormality deter- 
mination processing and the flow rate management pro- 
cessing are performed, the processing of changing the 
number of repetition times is limited to the required mini- 
mum. Thus, the amount of consumed power can be de- 
creased. 

[0317] The number of repetition times which is adjusted the fre- 
quency obtained by the frequency detection means is 
used in next flow rate measurement. Since the number of 
repetition times is used in the next measurement, it is not 
necessary to perform repetitious measurement for fre- 
quency detection. Thus, the amount of consumed power 
can be decreased. 

[0318] The number-of-times change means is operated when the 
measured flow rate is lower than a predetermined flow 
rate. Since the number of repetition times is changed only 



when the flow rate is equal to or lower than a predeter- 
mined flow rate, but this processing is not performed 
when the flow rate is high, the amount of consumed 
power can be decreased. 
[0319] a flowmeter of the present invention includes: transmis- 
sion/reception means provided in a flow path for per- 
forming transmission/reception using a state change of 
fluid; time measurement means for measuring a propaga- 
tion time transmitted/received by the transmission/recep- 
tion means; flow rate detection means for detecting a flow 
rate based on a value of the time measurement means; 
variation detection means for measuring a variation in the 
flow path by the transmission/reception means; and mea- 
surement control means for starting measurement in syn- 
chronization with a timing of a variation of the variation 
detection means. Since a variation in the flow path is 
measured by transmission/reception means, it is not nec- 
essary to provide another sensor for detecting a variation. 
Thus, the size of the flowmeter can be decreased, and the 
structure of the flow path can be simplified. In addition, 
the flow rate can be measured with a high accuracy in a 
reliable manner within a short space of time even when a 
variation occurs. 



[0320] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Thus, a state change of fluid can 
be detected by the sonic wave transmission/reception 
means. Accordingly, the measurement can be started in 
synchronization with a timing of variation. As a result, the 
flow rate can be measured with a high accuracy in a reli- 
able manner. 

[0321] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Thus, a state change of fluid can be detected by the 
heat transmission/reception means. Accordingly, the 
measurement can be started in synchronization with a 
timing of variation. As a result, the flow rate can be mea- 
sured with a high accuracy in a reliable manner. 

[0322] The flowmeter includes: first vibration means and second 

vibration means provided in a flow path for transmitting/re- 
ceiving an sonic wave; switching means for switching an 
transmission/reception operation of the first vibration 
means and the second vibration means; variation detec- 
tion means for detecting a pressure variation in a flow 
path of at least one of the first vibration means and the 
second vibration means; time measurement means for 



measuring a propagation time of a sonic wave transmit- 
ted/received by the first vibration means and the second 
vibration means; measurement control means for per- 
forming synchronous control where, when an output of 
the variation detection means shows a predetermined 
change, the measurement means measures a first mea- 
surement time Tl of propagation from the first vibration 
means at an upstream side in the flow path to the second 
vibration means at a downstream side in the flow path, 
and when the output of the variation detection means 
shows a change opposite to the predetermined change, 
the measurement means measures a second measurement 
time T2 of propagation from the second vibration means 
at a downstream side in the flow path to the first vibration 
means at an upstream side in the flow path; flow rate de- 
tection means for calculating a flow rate using the first 
measurement time Tl and the second measurement time 
T2. Since the measurement is performed at a time when a 
change in a pressure variation is inverted, the phases of 
the pressure variation and the timing of the measurement 
can be shifted. As a result, a measurement error caused 
by a pressure variation can be offset. 
[0323] The flowmeter includes: measurement control means for 



performing measurement control where measurement of 
the first measurement time Tl is started when an output 
of the variation detection means shows a predetermined 
change and measurement of the second measurement 
time T2 is started when the output of the variation detec- 
tion means shows a change opposite to the predeter- 
mined change, and measurement control where, in a next 
measurement, measurement of the first measurement 
time Tl is started when the output of the variation detec- 
tion means shows a change opposite to the predeter- 
mined change and measurement of the second measure- 
ment time T2 is started when the output of the variation 
detection means shows the predetermined change; and 
flow rate calculation means for calculating the flow rate by 
successively averaging a first flow rate obtained by using 
the previous first measurement time Tl and previous sec- 
ond measurement time T2 while alternately changing start 
of measurement and a second flow rate obtained by using 
next first measurement time Tl and next second mea- 
surement time T2. Thus, the timing for measurement is 
changed as described above in order to perform measure- 
ment for the first measurement time Tl and the second 
measurement time T2. As a result, even when a pressure 



variation is asymmetrical between a high pressure side 
and a low pressure side, an influence of such a pressure 
variation can be offset. 

[0324] The flowmeter includes repetition means for performing 
transmission/reception a plurality of times. Thus, averag- 
ing can be performed by increasing the number of times 
of measurement, and as a result, reliable flow rate mea- 
surement can be performed. 

[0325] The flowmeter includes repetition means for performing 
transmission/reception a plurality of times over a time 
period which is a multiple of a variation cycle. Thus, a 
pressure variation can be averaged by measuring accord- 
ing to the variation frequency. As a result, a stable flow 
rate can be measured. 

[0326] The flowmeter includes repetition means for starting 

transmission/reception measurement when an output of 
the variation detection means shows a predetermined 
change and repeating the transmission/reception mea- 
surement with a sonic wave until the output of the varia- 
tion detection means shows the same change as the pre- 
determined change. Thus, the start and stop of the mea- 
surement can be made conformable to the frequency of a 
pressure variation. Therefore, a variation frequency can be 



measured, and a pressure variation is averaged. As a re- 
sult, a stable flow rate can be measured. 
[0327] The flowmeter includes selection means for switching a 
case where the first vibration means and second vibration 
means are used for transmission/reception of a sonic 
wave and a case where the first vibration means and sec- 
ond vibration means are used for detection of a pressure 
variation. Thus, at least one of the first vibration means 
and the second vibration means is used for pressure de- 
tection. As a result, both the flow rate measurement and 
the pressure measurement can be simultaneously 
achieved. 

[0328] The flowmeter includes variation detection means for de- 
tecting a component of an alternating component of a 
variation waveform which is in the vicinity of zero. Thus, a 
variation is detected in the vicinity of a zero component of 
the variation, and hence the measurement can be started 
in the vicinity of zero variation within a time to perform 
flow rate measurement. Therefore, by performing the flow 
rate measurement within a time when a variation is small, 
the measurement can be stabilized even when a variation 
occurs in a fluid. 

[0329] The flowmeter includes: frequency detection means for 



detecting the frequency of a signal of the variation detec- 
tion means; and measurement control means for starting 
measurement only when the frequency detected by the 
frequency detection means is a predetermined frequency. 
Thus, by starting the measurement only when the fre- 
quency is a predetermined frequency, measurement can 
be performed when a predetermined variation occurs. As 
a result, a stable flow rate can be measured. 

[0330] The flowmeter includes detection cancellation means for 
automatically starting measurement after a predetermined 
time period when a signal of the variation detection 
means is not detected. Thus, even after a variation disap- 
pears, the flow rate can be automatically measured when 
a predetermined time arrives. 

[0331] The transmission/reception means and the first and sec- 
ond vibration means include piezoelectric transducers. 
Thus, when the piezoelectric transducer is used, an ultra- 
sonic wave is used for transmission/reception while a 
pressure variation can be detected. 

[0332] a flowmeter of the present invention includes: transmis- 
sion/reception means provided in a flow path for per- 
forming transmission/reception using a state change of 
fluid; repetition means for repeating signal propagation 



by the transmission/reception means; time measurement 
means for measuring a propagation time during repetition 
by the repetition means; flow rate detection means for 
detecting a flow rate based on a value of the time mea- 
surement means; variation detection means for detecting 
a fluid variation in a flow path; measurement control 
means for controlling each of the above means; and mea- 
surement monitoring means for monitoring abnormality in 
each of the above means. Thus, when there is a variation 
in a flow in the flow path, the flow rate is measured ac- 
cording to the variation, while abnormality can be quickly 
detected by the measurement monitoring means. Accord- 
ingly, handling of abnormality can be correctly performed, 
and a measured value becomes stable. As a result, the 
flow rate can be measured with a high accuracy, and the 
reliability of the measurement can be improved. 
[0333] The flowmeter includes a pair of transmission/reception 
means which utilize propagation of an ultrasonic wave as 
the state change of fluid. Since a sonic wave is used, the 
flow rate measurement can be performed even when there 
is a variation in fluid. Further, handling of abnormality can 
be correctly performed by the measurement monitoring 
means. As a result, the reliability of the measurement can 



be improved. 

[0334] The flowmeter includes transmission/reception means 
which utilizes propagation of heat as the state change of 
fluid. Since heat propagation is used, the flow rate mea- 
surement can be performed even when there is a variation 
in fluid. Further, handling of abnormality can be correctly 
performed by the measurement monitoring means. As a 
result, the reliability of the measurement can be im- 
proved. 

[0335] The flowmeter includes: a pair of transmission/reception 
means provided in a flow path for transmitting/receiving a 
sonic wave; repetition means for repeating signal propa- 
gation of the transmission/reception means; time mea- 
surement means for measuring a propagation time of a 
sonic wave during the repetition by the repetition means; 
flow rate detection means for detecting the flow rate 
based on a value of the time measurement means; varia- 
tion detection means for detecting a fluid variation in a 
flow path; measurement control means for controlling 
each of the above means; and measurement monitoring 
means for monitoring abnormality in a start signal which 
directs start of transmission of a sonic wave at a first out- 
put signal of the variation detection means after a mea- 



surement direction signal of the measurement control 
means, and abnormality in an end signal which directs 
end of repetition of the transmission/reception of the 
sonic wave at second output signal of the variation detec- 
tion means. Thus, when there is a variation in fluid in the 
flow path, the measurement can be performed in synchro- 
nization with the frequency of the variation, and abnor- 
mality can be detected by the measurement monitoring 
means. Therefore, a flow rate can be measured with a 
high accuracy, and a reliable measured value can be ob- 
tained. In addition, handling of abnormality can be cor- 
rectly performed, and the reliability of the measured flow 
rate value can be improved. 

[0336] The flowmeter includes measurement monitoring means 
for directing a start of transmission of a sonic wave after a 
predetermined time when a start signal is not generated 
within a predetermined time period after a direction of the 
measurement control means. Thus, even when there is no 
variation, and there is no start signal within a predeter- 
mined time period, the flow rate can be measured at every 
predetermined time, and loss of data can be prevented. 

[0337] The flowmeter includes measurement monitoring means 
for directing start of transmission of a sonic wave after a 



predetermined time when a start signal is not generated 
within a predetermined time period after a direction of the 
measurement control means, and for performing mea- 
surement a predetermined number of repetition times. 
Thus, even when there is no variation, and there is no 
start signal within a predetermined time period, the flow 
rate can be measured for a predetermined number of rep- 
etition times at every predetermined time, and loss of 
data can be prevented. 
[0338] The flowmeter includes measurement monitoring means 
which does not perform measurement until a next direc- 
tion of the measurement control means when a start sig- 
nal is not generated within a predetermined time period 
after a direction of the measurement control means. By 
suspending the operation until a next measurement di- 
rection, unnecessary measurement is not performed, 
whereby the amount of consumed power can be de- 
creased. 

[0339] The flowmeter includes measurement monitoring means 
which terminates reception of a sonic wave when an end 
signal is not generated within a predetermined time after 
a start signal. Since the reception of the sonic wave is 
forcibly terminated, the measurement is not suspended 



while waiting for the end signal. Thus, the measurement 
can proceed to a next process, and a stable measurement 
operation can be performed. 

[0340] The flowmeter includes measurement monitoring means 
which terminates reception of a sonic wave and outputs a 
start signal again, when an end signal is not generated 
within a predetermined time after a start signal. Since the 
reception of the sonic wave is forcibly terminated, the 
measurement is not suspended while waiting for the end 
signal. Further, a start signal is output again so as to per- 
form re-measurement. Thus, a stable measurement oper- 
ation can be performed. 

[0341] The flowmeter includes measurement monitoring means 
for stopping transmission/reception processing when ab- 
normality occurs in the number of repetition times. Since 
the measurement is stopped when the number of repeti- 
tion times is abnormal, only data with a high accuracy can 
be used to perform flow rate measurement. 

[0342] The flowmeter includes measurement monitoring means 
which compares a first number of repetition times for 
measurement where a sonic wave is transmitted from a 
first one of the pair of transmission/reception means and 
received by the second transmission/reception means and 



a second number of repetition times for measurement 
where a sonic wave is transmitted from the second trans- 
mission/reception means and received by the first trans- 
mission/reception means, and again outputs a start signal 
when the difference between the first and second num- 
bers of repetition times is equal to or greater than a pre- 
determined number of times. Thus, re-measurement is 
performed when the number of repetition times is greatly 
different, whereby measurement with a high accuracy can 
be performed with a stable variation frequency. 

[0343] The flowmeter includes repetition means for setting the 
number of repetition times such that a first number of 
repetition times for measurement where a sonic wave is 
transmitted from first one of the pair of transmission/recep- 
tion means and received by the second transmission/recep- 
tion means is equal to a second number of repetition 
times for measurement where a sonic wave is transmitted 
from the second transmission/reception means and re- 
ceived by the first transmission/reception means. Thus, 
by employing the same number of repetition times, a pre- 
determined flow rate measurement can be performed 
even when a variation frequency is unstable. 

[0344] Th e flowmeter includes measurement monitoring means 



for monitoring the number of times that a start signal is 
output again so as to be limited to a predetermined num- 
ber of times or less, such that the outputting of the start 
signal is not permanently repeated. Thus, by limiting the 
number of times of re-measurement, the processing is 
prevented from continuing permanently. As a result, sta- 
ble flow rate measurement can be performed. 

[0345] The flowmeter measures a flow rate from a difference be- 
tween inverse numbers of propagation times measured 
while repeating transmission/reception of an ultrasonic 
wave a plurality of number of times. Thus, when an ultra- 
sonic wave is used, transmission/reception can be per- 
formed without being affected by a variation frequency in 
the flow path. Further, the flow rate is measured from the 
difference of inverse numbers of propagation times which 
are measured while repeating the transmission/reception, 
whereby even a variation of a long cycle can be measured 
by units of one cycle. In addition, the difference of the 
propagation times which is caused by a variation can be 
offset by using the difference of inverse numbers. 

[0346] a flowmeter of the present invention includes: instanta- 
neous flow rate detection means for detecting an instan- 
taneous flow rate; fluctuation determination means for 



determining whether or not there is a pulse in a flow rate 
value; and at least one or more stable flow rate calculation 
means for calculating a flow rate value using different 
means according to a determination result of the fluctua- 
tion determination means. Thus, by determining a varia- 
tion in a measured flow rate and switching the flow rate 
calculation means, the flow rate can be calculated by one 
flow rate measurement means according to the amount of 
the variation in a reliable manner. 

[0347] a flowmeter of the present invention includes: instanta- 
neous flow rate detection means for detecting an instan- 
taneous flow rate; filter processing means for performing 
digital-filter processing of a flow rate value; and stable 
flow rate calculation means for calculating a flow rate 
value using the filter processing means. Thus, when the 
digital filter processing is performed, a calculation equiv- 
alent to an averaging process can be performed without 
using a large number of memories for storing data. More- 
over, the filter characteristic can be modified by changing 
one variable, i.e., a filter coefficient. 

[0348] The flowmeter includes stable flow rate calculation means 
for calculating a stable flow rate value using the digital fil- 
ter processing means when the fluctuation determination 



means determines that there is a pulse. Thus, when a 
pulse occurs, a sharp filter characteristic is selected so as 
to render a large pulse stable, and the filter processing 
can be performed only when a pulse occurs. 

[0349] The fluctuation determination means determines whether 
or not a variation amplitude of a flow rate value is equal to 
or greater than a predetermined value. Thus, a pulse can 
be determined based on the variation amplitude of the 
pulse, whereby the filter processing can be modified ac- 
cording to the variation amplitude of the pulse. 

[0350] The filter processing means modifies a filter characteristic 
according to a variation amplitude of a flow rate value. 
Since the filter characteristic is changed according to the 
variation amplitude of a flow rate value, the filter charac- 
teristic can be quickly modified so as to be a sufficiently 
relaxed filter characteristic that allows a variation accord- 
ing to a variation in a flow rate when the variation is small, 
and when the variation is large, a sharp filter characteris- 
tic is selected such that a variation of the flow rate due to 
a pulse can be significantly suppressed. 

[0351] The filter processing is performed only when a flow rate 
value detected by the instantaneous flow rate detection 
means is low. Since the filter processing is performed only 



when the flow rate is low, a variation of the flow rate can 
be quickly handled when the flow rate is high, and an in- 
fluence of fluctuation which is caused when the flow rate 
is low can be significantly suppressed. 
[0352] Filter processing means modifies a filter characteristic ac- 
cording to a flow rate value. Since the filter characteristic 
is changed according to the flow rate value, filter process- 
ing is performed only when the flow rate is low, a varia- 
tion of the flow rate can be quickly handled when the flow 
rate is high, and an influence of fluctuation which is 
caused when the flow rate is low can be significantly sup- 
pressed. 

[0353] Filter processing means modifies a filter characteristic ac- 
cording to an interval of a measurement time of the in- 
stantaneous flow rate detection means. Thus, by changing 
the filter characteristic according to an interval of the flow 
rate detection time, the variation can be suppressed with 
a relaxed filter characteristic when the measurement in- 
terval is short or with a sharp filter characteristic when the 
measurement interval is long. 

[0354] The flowmeter includes filter processing means which 

modifies a filter characteristic such that a cut-frequency 
of the filter characteristic becomes high when the flow 



rate is high, and which modifies a filter characteristic such 
that the filter characteristic has a low cut-off frequency 
when the flow rate is low. Thus, the response characteris- 
tic is increased when the flow rate is high, and the fluctu- 
ation is suppressed when the flow rate is low. 

[0355] a filter characteristic is modified such that a variation am- 
plitude of a flow rate value calculated by the stable flow 
rate calculation means is within a predetermined value 
range. Since the filter characteristic is modified such that 
the variation amplitude is within a predetermined value 
range, the flow rate variation can be suppressed so as to 
be always equal to or smaller than a predetermined value. 

[0356] An ultrasonic wave flowmeter which detects a flow rate by 
using an ultrasonic wave is used as the instantaneous flow 
rate detection means. Thus, by using an ultrasonic wave 
flowmeter, an instantaneous flow rate can be measured 
even when a large flow rate variation occurs. Thus, from 
the flow rate value, a stable flow rate can be calculated. 

[0357] a heat-based flowmeter is used as the instantaneous flow 
rate detection means. When the heat-based flowmeter is 
used, an instantaneous flow rate can be measured even 
when a large flow rate variation occurs. Thus, a stable 
flow rate can be calculated from the flow rate value. 



[0358] Further, the control section controls the periodicity 

change means so as to sequentially change the frequency 
of the measurement in the flow rate measurement such 
that the frequency of the measurement is not kept con- 
stant. Thus, noise which is in synchronization with a mea- 
surement frequency or a transmission frequency of an ul- 
trasonic wave is never in the same phase but dispersed 
when the ultrasonic wave is received. Therefore, a mea- 
surement error can be decreased. 

[0359] Furthermore, the flowmeter of the present invention in- 
cludes periodicity change means for sequentially changing 
the driving method of the driver circuit. In response to re- 
ceipt of an output of the reception detecting circuit, the 
control section modifies the periodicity change means ev- 
ery time the reception detecting circuit detects a receipt of 
an ultrasonic wave such that the frequency of the mea- 
surement is not kept constant. Thus, the periodicity 
change means can be operated with a plurality of settings 
for measurement within one flow rate measurement cycle. 
As a result, noise is dispersively averaged in a measure- 
ment result, and a reliable measurement result can be ob- 
tained. 

[0360] The periodicity change means switchingly outputs a plu- 



rality of output signals having different frequencies; and 
the control section changes a frequency setting of the pe- 
riodicity change means at every measurement so as to 
change a driving frequency of the driver circuit. Thus, by 
changing the driving frequency, the reception detecting 
timing can be changed by a time corresponding to a fre- 
quency variation of a driving signal. Thus, noise which is 
in synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 
creased. 

[0361] The periodicity change means outputs output signals hav- 
ing the same frequency and a plurality of different phases; 
and the control section operates such that a phase setting 
for the output signal of the periodicity change means is 
changed at every measurement and a driving phase of the 
driver circuit is changed. Thus, by changing the driving 
phase, the reception detecting timing can be changed by a 
time corresponding to a phase variation of a driving sig- 
nal. Thus, noise which is in synchronization with a mea- 
surement frequency or a transmission frequency of an ul- 
trasonic wave is never in the same phase but dispersed 



when the ultrasonic wave is received. Therefore, a mea- 
surement error can be decreased. 

[0362] The periodicity change means outputs a synthesized sig- 
nal obtained by superposing a signal of a first frequency 
which is an operation frequency of the ultrasonic wave 
transducers and a signal of a second frequency which is 
different from the first frequency; and the control section 
outputs, through the driver circuit, at every measurement, 
an output signal where the second frequency of the peri- 
odicity change means is changed. Thus, the periodicity of 
the flow rate measurement can be disturbed. As a result, 
noise which is in synchronization with a measurement fre- 
quency or a transmission frequency of an ultrasonic wave 
is never in the same phase but dispersed when the ultra- 
sonic wave is received. Therefore, a measurement error 
can be decreased. 

[0363] The periodicity change means switches the setting be- 
tween a case where there is a second frequency and a 
case where there is not a second frequency. Thus, since 
the reception detecting timing is changed by changing the 
vibration of the ultrasonic wave transducer that transmits 
an ultrasonic wave, the periodicity of the flow rate mea- 
surement can be disturbed. As a result, noise which is in 



synchronization with a measurement frequency or a 
transmission frequency of an ultrasonic wave is never in 
the same phase but dispersed when the ultrasonic wave is 
received. Therefore, a measurement error can be de- 
creased. 

[0364] The periodicity change means changes the phase setting 
of the second frequency. Thus, since the reception detect- 
ing timing is changed by changing the vibration of the ul- 
trasonic wave transducer that transmits an ultrasonic 
wave, the periodicity of the flow rate measurement can be 
disturbed. As a result, noise which is in synchronization 
with a measurement frequency or a transmission fre- 
quency of an ultrasonic wave is never in the same phase 
but dispersed/averaged when the ultrasonic wave is re- 
ceived. Therefore, a measurement error can be decreased. 

[0365] The periodicity change means changes the frequency set- 
ting of the second frequency. Thus, since the reception 
detecting timing is changed by changing the vibration of 
the ultrasonic wave transducer that transmits an ultra- 
sonic wave, the periodicity of the flow rate measurement 
can be disturbed. As a result, noise which is in synchro- 
nization with a measurement frequency or a transmission 
frequency of an ultrasonic wave is never in the same 



phase but dispersed when the ultrasonic wave is received. 
Therefore, a measurement error can be decreased. 

[0366] The periodicity change means includes a delay section ca- 
pable of setting different delay times; and the control sec- 
tion changes the setting of the delay at each transmission 
of an ultrasonic wave or at each receipt detection of an ul- 
trasonic wave. Thus, in one measurement operation, re- 
verberation of an ultrasonic wave transmitted in an imme- 
diately-previous measurement and an influence of tailing 
of the ultrasonic wave transducers can be dispersed, 
whereby a measurement error can be decreased. 

[0367] The cycle width changed by the periodicity change means 
is a multiple of a value corresponding to a variation of a 
propagation time which is caused by a measurement er- 
ror. Thus, when the measured values for all the settings 
are summed up and averaged, an error can be suppressed 
to a minimum. 

[0368] The cycle width changed by the periodicity change means 
is equal to a cycle of a resonance frequency of the ultra- 
sonic wave transducers. Thus, in a value obtained by 
summing up and averaging the measured values for all 
the settings, a measurement error which may be caused 
by reverberation of an ultrasonic wave or tailing of the ul- 



trasonic wave transducers is minimum. Thus, the mea- 
surement error can be decreased. 

[0369] The order of patterns for changing the periodicity is the 
same for both measurement in a upstream direction and 
measurement in a downstream direction. Thus, the mea- 
surement with an ultrasonic wave transmitted toward the 
upstream side and the measurement with an ultrasonic 
wave transmitted toward the downstream side are always 
performed under the same conditions. Hence, even when 
there is a variation in the flow rate, a reliable measure- 
ment result can be obtained. 

[0370] The predetermined number of times is a multiple of a 

change number of the periodicity change means. Thus, all 
the setting values of the periodicity change means are 
uniformly set within a single flow rate measurement oper- 
ation. As a result, a reliable measurement result can be 
obtained. 

[0371] Further, a time period from receipt detection to a next 
count-up time is measured by a second timer, whereby 
measurement can be performed with a resolution higher 
than that of a first timer. Furthermore, the amount of 
consumed power can be decreased in comparison to a 
flowmeter having the same resolution, because it is nec- 



essary to operate the second timer for only a short time 
period after the receipt detection. 

[0372] Furthermore, since the second timer is corrected by the 
first timer, the second timer only needs to possess a 
short-term stability. Thus, it is not necessary to use a 
special part. Therefore, a flowmeter with high resolution 
can be readily realized. 

[0373] Furthermore, since the second timer is corrected by the 
first timer when an output of a temperature sensor varies 
so as to be equal to or greater than a set value, the 
flowmeter of the present invention can be used even when 
the second timer has a characteristic which varies accord- 
ing to a variation of temperature. 

[0374] Further still, since the second timer is corrected by the 

first timer when an output of a voltage sensor varies so as 
to be equal to or greater than a set value, the flowmeter of 
the present invention can be used even when the second 
timer has a characteristic which varies according to a vari- 
ation of voltage. 

[0375] a flowmeter of the present invention includes: a flow rate 
measurement section through which fluid to be measured 
flows; a pair of ultrasonic wave transducers provided in 
the flow rate measurement section for transmitting/receiv- 



ing an ultrasonic wave; a driver circuit for driving one of 
the ultrasonic wave transducers; a reception detecting cir- 
cuit connected to the other ultrasonic wave transducer for 
detecting an ultrasonic wave signal; a control section for 
controlling the driver circuit for a predetermined number 
of times so as to drive the ultrasonic wave transducers 
again in response to an output of the reception detecting 
circuit; a timer for measuring an elapsed time for the pre- 
determined number of times; a calculation section for cal- 
culating a flow rate from an output of the timer; and peri- 
odicity stabilizing means for sequentially changing a driv- 
ing method of the driver circuit, wherein the control sec- 
tion controls the periodicity stabilizing means such that a 
measurement frequency is always maintained to be con- 
stant. With this structure, the measurement frequency is 
always constant even when a propagation time varies. 
Thus, noise which is in synchronization with a measure- 
ment frequency or a transmission frequency of an ultra- 
sonic wave is always in the same phase when the ultra- 
sonic wave is received regardless of a variation in the 
propagation time. Therefore, a measurement error can be 
maintained as a constant value. Accordingly, the flow rate 
measurement can be stabilized even when the noise has a 



very long periodic noise. 

[0376] The control section includes periodicity stabilizing means 
formed by a delay section capable of setting different de- 
lay times; and the control section changes an output tim- 
ing of the driver circuit by switching the delay times. Since 
the measurement frequency is maintained to be constant 
by changing the delay time, the measurement frequency 
can be stabilized without giving an influence to driving of 
the ultrasonic wave transducers. 

[0377] The control section controls the driver circuit such that a 
measurement time is maintained to be constant. Thus, the 
measurement frequency can be maintained to be constant 
with a simple calculation without calculating a propaga- 
tion time for each ultrasonic wave transmission. 



